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ENGINEERING Appointments Section faces page 12 


We regret that, as a result of the dispute in the 
printing trade, ENGINEERING has not appeared 
since 19 June. With the return to publishing, we 
offer a rebate of 12s on normal subscriptions. 
Applications for rebate should be addressed to the 
Manager. Circumstances require that this week’s 
issue be substantially reduced in size: certain 
features are omitted or curtailed and there are 
fewer advertising pages. Later issues will contain 
the normal complement of advertising and edi- 
torial matter. Subscribers who bind the volumes 
should note that Vol. 187 was concluded with the 
issue of 19 June; the index will be issued as soon 
as possible. 


Nuclear Rebellion 


tgp recently atomic energy has been 
administered in Britain as a benevolent 
dictatorship. For a country which could 
not afford to dissipate its limited resources 
on half a dozen wildcat schemes there was 
no other way. Only the Atomic Energy 
Authority had the necessary information to 
formulate policy, and it was this monopoly 
of technical information that made it 
possible to control the activities of normally 
independent private companies. 

Britain chose to concentrate on the gas- 
cooled Calder Hall type of reactor and push 
it to the limit, and firms wishing to build 
reactors had to follow suit or fall by the way- 
side. Any company that set out to tackle 
some other more exotic reactor system 
found that the supply of basic information 
dried up at the source. There was nothing 
Machiavellian about this policy: if money 
were not available for the Atomic Energy 
Authority to study what were believed to be 
less promising designs, there could be no 
question of distributing the results of such 
research. Information was not withheld; 
it was just not available. But for some 
months there have been signs of rebellion, 
and the rebels appear to have secured a 
powerful ally—the Admiralty. 

The first surprise came when the eight 
proposals for ship reactor systems sub- 
mitted to the Government’s Galbraith com- 
mittee proved to be of widely differing 
designs. Only three, one the Atomic Energy 
Authority’s, were based on the officially 
endorsed gas-cooled system. Three others 
made use of pressurised or boiling water 
reactors; and a seventh employed a reactor 
in which an organic liquid served as coolant 
and moderator. These water and organic 
systems have been developed extensively in 
the United States, and British firms seeking 
basic technical information can presumably 
bypass the Atomic Energy Authority by 
making private agreements with suitably 
chosen American concerns. Indeed, since 
the eight designs were submitted, a ninth 
British company has signed an agreement 
whereby it has access to an American com- 
pany’s data on organic moderated ship 
reactors. Finally, one design, with steam 
cooling and heavy-water moderation, was 
described by the company that presented it 
as the “ only original and true blue marine 
design.”” Thecompany argued, perhaps with 
Admiralty support, that for ship propulsion 
a reactor should be designed exclusively and 
from scratch for marine purposes. 

But whatever the Admiralty’s view, the 
Government has clearly given its blessing 





to the study of reactor systems, which are 
departures from the “ party line.” In con- 
firmation, one of the nuclear engineering 
groups, whose own research reactor has 
recently been completed, have expressed the 
intention of pursuing a line of development 
on small water reactors. 

Then came an article, published in 
ENGINEERING on 19 July and continued in 
the present issue, in which Captain H. F. 
Atkins, R.N., representing one of the ship 
reactor companies, gave vent to forthright 
criticism of the Atomic Energy Authority’s 
design. He observed in the article that the 
Advanced Gas Cooled Reactor designed for 
the Galbraith committee “* appears to be 
bursting out of the hull, and the overall 
weight is twice that of some other projects. 
The author profoundly hopes that after the 
time and money spent on this abortive 
effort, the United Kingdom Atomic Energy 
Authority will finally abandon trying to 
make this type of reactor seaworthy.” And 
later the author concludes that “Gas cooling, 
therefore, seems to be completely unsuited to 
a ship.” Atthe press conference accompany- 
ing publication of the UKAEA’s most recent 
report, Sir William Cook admitted that the 
Authority had been “too optimistic ” about 
the AGR, and were no longer recommend- 
ing this system for ship propulsion. 

Captain Atkins is also critical of other 
systems. Concerning the pressurised-water 
reactor, which incidentally his own company 
are installing in Britain’s first nuclear sub- 
marine, the Dreadnought, he writes: “* The 
PWR has already reached its limit of develop- 
ment unless boiling is allowed, but it is of 
course the only type now at sea.” 

This spirit of healthy criticism is a new 
element in the atomic energy industry. It 
may also be an omen of major changes. But 
if in fact there are differences of opinion, 
they ought surely to be reconciled. There 
is no reason to believe that we can afford, 
even now, to begin working at cross pur- 
poses; or have the Atomic Energy Authority 
go sulk in its tent. Few bodies have served 
this country better than the Authority, and 
we should be rash to imagine that we can 
now dispense with its coordinating influence. 

Perhaps it is time to restate the responsi- 
bilities of the Atomic Energy Authority and 
to redefine its powers. In the complex and 
costly business of atomic energy we are still in 
need of leadership, even if the form of leader- 
ship is modified. And in any case no 
benevolent dictator is likely to be so 
benevolent as to work himself out of a 
job. 
































Cover Picture.—The photograph shows the final 
stages of machining the “ palm”? of a controllable 
pitch propeller blade. The material used for the 
propeller is manganese bronze. 


Plain Words 


Here we are at the end of a dry summer. 
I wonder how long we shall be able to last 
out next year before we are told not to water 
our favourite cucumber. Notice that I say 
next year: it is not this year that we have to 
worry about a shortage. Water gets stored 
up in some underground cavern or clay 
basin—the hydrologists probably have some 
jargon to disguise it—and it takes a year or 
so for the effect of a dry summer to be felt. 
This year we are all right; it was wet last year. 
But next year—there probably won’t be any 
water at all. 

Personally, I think we are mentally 
deranged. Here we are spending tens of 
millions of pounds on providing for plenty 
of cheap electricity and coal, yet we aren’t 
spending enough on water, the basic com- 
modity of life, primitive or industrial. What 
is more, we issue White Papers to convince 
ourselves that everything is well thought 
out, and by statistics prove that we couldn’t 
possibly be short of water, although there 
are the plain facts in front of us that we have 
to lay emergency pipelines to some parts of 
the country every summer, and that most 
years we are told to cut down. Of course, 
goes the official argument, supplies would 
cost more if we built such large reservoirs 
that we could outlast even the droughtiest 
year. Who would mind that? My water 
bill came to the magnificent sum of one 
pound eight shillings and six pence for a 
half-year; I wish my electricity and coal bills 
were even twice that. 

Some reasonable person will probably not 
only try to convince me that everything is 
being done to expand the supplies, but will 
go on to taunt me by adding that you 
can’t just build a reservoir in no time. It 
takes years to convince old Grandpa down 
in Much Withering that he must move out 
of his house or else wake up one morning 
to find the water level up to his landing. 
Well, if that is so, it’s a pity that we didn’t 
think of it a few years ago. 

Incidentally, I have just learned that the 
consumption of water per head of the 
population in this country is 50 gallons a day. 
The consumption continues to increase and 
we ought to be able to satisfy all demands. 

CAPRICORN 


Letters to the Editor 


STEAM COOLED REACTORS 


Sir, In your 22 May issue (p. 674), you refer to 
the fact that a study similar to the Vickers 
Nuclear Engineering study of a steam-cooled 
reactor was conducted in the United States by the 
East Central Nuclear Group and the Babcock 
and Wilcox Company, Atomic Energy Division. 

This is incorrect. The Nuclear Development 
Corporation of America (NDA) held the prime 
contract with the East Central Nuclear Group 
and performed the design of the reactor and 
associated components. The work was _ per- 
formed during the period of October, 1957, 
through July, 1958. The Babcock and Wilcox 
Company served only as a subcontractor to 
NDA and was involved primarily in the design 
of mechanical joints and the corrosion and 
erosion effect of steam on stainless steel. 

Incidentally, since performing this study, 
NDA: has applied for patents in a number of 
countries, including Great Britain. The patent 
application number in Great Britain is 27635158. 

Very truly yours, LEON MALIN, 
Civilian Applications. 

Nuclear Development Corporation of America, 

5 New Street, White Plains, NY, USA. 
9 July, 1959. 


SOVIET WAR EFFORT 


Sir, In the article on the Soviet iron and steel 
industry (ENGINEERING, 19 June, page 797), the 
writer states ‘“‘ A very considerable proportion 
of the productive capacity of the Russian iron 
and steel industry was destroyed during the first 
months of the Second World War so as not to 
allow it to fall into the hands of the Germans.” 
The author seems to have forgotten that during 
the first months, or even the first years of the 
Second World War, Soviet Russia was Ger- 
many’s closest ally, in fact the Soviet-German 
pact of August, 1939, was the only international 
treaty to which the Soviet Union was uncom- 
promisingly faithful. 

In present Soviet propaganda this period is 
discreetly and bashfully concealed and the official 
line is that the Second World War started on 
22 June, 1941, that is, with the German attack on 
Russia. 

This propaganda seems to bear fruit, human 
memory is short and perhaps next time we shall 
hear that the Battle of Britain was an imperialists’ 
conspiracy against the peace-loving Soviet Union. 

Your faithfully, W. M. B. SARNECKI. 

Wembley, Middlesex. 

26 June, 1959. 


BUYING RUSSIAN 


Sir, May I refer to the Marketing notes ‘‘ Plea 
to Buy Russian’ and “ Pye in the Soviet Sky ” 
on page 755 of your issue of 5 June? Has it 
struck you that the main reason why the Soviet 
placed their order for two Pye aircraft landing 
systems almost certainly has been to magnify 
our division from our good trusty American 
friends? Have you thought what satisfaction it 
must give Mikoyan to hear that respectable 
papers such as ENGINEERING are blindly accepting 
his subtle line and writing about “‘ sweet revenge ”’ 
** at a merry pace’’? 

Have you evaluated the long term strategic 
aims of Soviet trade? Are -you following the 
crisis through which Finland is passing and the 
great danger in which she is now placed? In 
1953, the general secretary of the Finnish Com- 
munist Party said ‘* Our plan is to increase trade 
with Communist countries up to the point where 
it plays a decisive part in the national economy. 
Then the Russian market will suddenly be with- 
drawn resulting in economic chaos and panic. 
In the resulting chaos we will demand seats in 
the cabinet.’’ His warning was ignored. You 
may know that at the recent crisis only through a 
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series of miraculous events, in which men united 
by a patriotic ideological conviction played an 
effective role, were the Communists kept out of 
the cabinet. 

Have you thought why the Soviets want to 
trade with the West? Is it through hopes of 
profit to divert us from our true role of helping 
the underdeveloped countries? Is it by easy 
stages to disarm us ideologically? Is it to 
persuade the uncommitted countries that the 
Soviet system is no longer a totalitarian regime 
based on hate and fear and distortion of truth 
but a respectable, industrial, ‘‘ almost free ”’ 
society? Is it to further their ultimate objective 
to extend their power over all the world? 

Have you thought that Mr. Anfimov’s “* pene- 
trating and immensely frank analysis ’’ may have 
served deliberately to conceal the actual objec- 
tives of Soviet trade? 

Is it part of our role so to live our own idealogy 
of freedom to do what is right that both the 
Communist and the uncommitted countries will 
want to have the spirit and ideas that inspire us? 
If so let us be free both of “* sweet revenge ’’ and 
of blind acceptance of analyses deliberately con- 
cealing ideological factors and objectives. 

Yours faithfully, J. H. JouGuin, 
Commander R.N. 
265 Kenmure Street, Glasgow, S1. 
21 July, 1959. 


GRADUATES GALORE 


Sir, The disability of living so far away from the 
hub of the universe, combined with a necessity 
of doing one’s legitimate duties in between read- 
ing technical journals, may be _ considered 
sufficient excuse for commenting in June upon 
the leading article, ‘“‘ Courage of Our Convic- 
tions,’ in your issue of 10 April. I trust it will 
be considered such. 

The article in question refers to the situation 
which may arise if engineering graduates increase 
in numbers so as to become a glut on the market. 
You point out, however, that education in 
engineering, even if applied to other vocations 
will not be wasted and it may well be suggested 
that such an education will prove of more 
worth, today, than one in the Arts. 

Faced with the necessity of earning a living, a 
youth will select a course which most appeals 
to him and, in doing so, may be prompted by 
One or more motives. Ideally, he will choose a 
calling in which he is most interested and in 
which he hopes to excel but he may also be 
tempted to enter some other field which appears 
to give promise of higher rewards. Still others 
may enter the university merely in order to 
acquire an education and, under such circum- 
stances, the course chosen will probably be 
Arts. 

Nobody can foresee the future and, while a 
graduate who has to earn his living will usually 
practise his profession at first, circumstances 
may cause him to enter an entirely different 
field ata later date. Furthermore, it is frequently 
the man with the Arts degree who becomes a 
director in a business concern and it may well 
be suggested that he would be better equipped 
for such a position if he had received an engineer- 
ing training. 

Such a training, today, is not limited to the 
contents of technical textbooks. An engineer 
must have at least a casual acquaintance with 
such subjects as law and accountancy and his 
training is such as to develop his powers of 
deduction and his capacity for evaluating 
conditions. 

A man with such a training would not be wasted 
in any sphere of activity—other, of course, than 
a different profession. 

Yours faithfully, GERALD B. LINCOLNE. 
430 Little Collins Street, 
Melbourne, Australia. 
22 June, 1959. 
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NEWTONIAN THEORY 


of AXIAL ELASTICITY 


Newton and his contemporaries showed con- 
siderable interest in the tensile properties of 
materials. In Question 31 of Opticks he wrote:— 
** The Parts of all homogeneal hard Bodies which 
fully touch one another, stick together very strongly 
. . . Ll had rather infer from their Cohesion that 
their Particles attract one another by some Force, 
which in immediate Contact is exceeding strong.” 
In subsequent paragraphs he discusses the property 
of hardness in relation to tenacity and cohesion. 

In the following part of the article the properties 
of tensile elasticity and strength and of impact 
hardness are considered in the light of test data 
on a variety of materials and of the ideas suggested 
in the first part of the article. 


Young’s Modulus appears to be a combined 
function of the longitudinal and transverse 
strains. For materials such as leather it increases 
with applied stresses and there is some evidence 
that, at low stresses, this may occur in other 
materials. The elasticity may thus be induced 
in the materials by the strains. This was 
partially confirmed experimentally by D. K. 
Froman on metal test pieces of 3? in diameter 
and 15}in long.* The values of E in tension 
were determined for a number of common 
metals under small loads (Fig. 7). At less than 
50 lb per sq. in the curves rise until they attain 
a maximum, where there is an abrupt change, 
similar, but opposite in direction, to the curves 
of Fig. 3 (ENGINEERING, 19 June, p. 789) and 
having the nature of a relaxation that may be 
produced by the introduction of a second com- 
ponent of strain. Beyond these points the 
Young’s Modulus becomes practically uniform, 
so that the constant elasticity of Hooke’s law 
might contain the two components identical with 
those that are here assumed to be present in the 
compression tests. 

Since most elastic materials are stronger in 
shear than in tension, except in the case of 
timber, the failure under tension is usually a 
clean break normal to the axis and the possible 

Note :— The Cast Iron Test Pieces were Turned Out 


of Castings about % In Larger and the Results are 
the Mean Values for Nine Kinds of Cast Iron 
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By A. N. PROCTER 
M.Sc., A.M.1I.C.E., M.J.Struct.E. 


Continued from page 800, 19 June 


presence of shear stress is not then apparent. 
Ductile materials like mild steel show Liiders 
lines at about the yield point and the inclination 
of the lines suggests that the material may be 
stressed in shear. Fine diagonal slip lines appear 
locally on the surface of the test pieces at or 
immediately beyond the proportional limit.’ 
This indicates that there is probably a partial 
shear failure and since this coincides with 
deviation of the Young’s Modulus from its 
constant value it appears that the supposed 
shear component of the axial elasticity has 
suffered merely a partial breakdown, because 
the original elasticity is restored when the load 
is removed or reduced. 

There is some evidence that the thickness of 
the specimens has an effect on the crushing 
strength of brittle materials and it is found that 
the tensile strength of elastic materials decreases 
with the increasing thickness or diameter of 
the test piece. Fig. 8 shows the results of tests 
on hard drawn copper by W. E. Alkins,* mean 
results of tensile tests on a number of kinds of 
cast iron by H. L. Campbell® and a series of 
tests on small diameter glass fibres by A. A. 
Griffiths."° Tensile tests on other hard drawn 
metals and elastic materials give similar results 
and on timber show that small diameter test 
pieces have high tensile strength, but test pieces 
of larger diameter or cross-section do not fail 
in tension and usually pull out of the grips by 
internal shearing of the wood or show other 
forms of shear failure.! 

The failure of nearly all elastic materials in 
tension is local and it has been observed that 
of a large number of tensile tests on short 
uniform test pieces nearly all failed at one end, 
but similar tests on long slender test pieces 
show that nearly all failed at mid-length, par- 
ticularly when care is taken to use only straight 
unstrained material.'* This leads to the con- 
clusion that the point of failure is probably 
localised by small secondary bending stresses 
introduced, either by the action of the grips, 
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Fig. 7 Young’s modulus 
determined at small stresses.° 


or by another agency. W. A. Scoble’* measured 
transverse variations of stress in tensile test 
pieces using different kinds of grips and found 
that with wedge grips the average variation was 
about 16 per cent of the main stress and with 
screwed ends or ball loading the variations were 
rather less. Similar tests were made by Professor 
Cc. A. M. Smith'*. The enlarged ends of 
standard test pieces are designed to locate the 
failure at or near mid-length 


IMPACT TESTS 


Tests on the impact of spheres of various 
materials were made by Newton and also by 
some of his contemporaries. Two balls were 
suspended by threads and allowed to swing, as 
shown in Fig. 9, which is a reproduction of 
Newton’s own illustration in Principia. The 
materials he used were balls of wool, steel, 
cork and glass and he observed that the wool 
balls had a velocity of rebound about five-ninths 
of the velocity of impact, but for steel the 
velocities were nearly the same, for cork not 
quite the same, and for glass their ratio was 
fifteen-sixteenths. He made allowance for the 
resistance of the air by observing the change of 
velocity when the balls were swinging freely, 
without impact. 

Newton’s tests were repeated about 150 years 
later by Professor E. Hodgkinson,’® who used 
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of the coefficients of restitution of a number of 
elastic materials at velocities of impact varying 
between 5 and 20 ft per sec using a 3 ft radius 
of suspension. The velocity of impact V, is 
assumed to be V; = c Ac f per sec, where 
c = the length of the chords c, + c,, measured 
in ft, A, = acceleration due to gravity in ft per 
sec, and r = radius of suspension, also in ft. 
This expression ignores the air resistance, the 
effect of which Hodgkinson found to be 
negligible except when using light materials. 

Results of tests at low velocities, carried out 
by Professor C. V. Raman,'* are shown on the 
left-hand side of Fig. 10. Raman discovered 
that the coefficient of restitution of an elastic 
material approached unity when the velocity of 
impact is very small. Newton deduced from his 
elementary impact tests that no material is 
perfectly elastic. This was confirmed by 
Hodgkinson and Raman and they found that 
the effect of the imperfection appeared to vary 
with the conditions of impact. 

Let it be assumed for simplicity that two 
similar spheres each weighing W. units are 
suspended and are allowed to collide after 
falling through a vertical distance h. The work 
done by each at the moment of collision is 
4 W,/A units and the elastic compression of each 
ball is assumed to be s units. The experimental 
data leads to the conclusion that the imperfection 
of the elasticity takes the form of a variation of 
the elastic properties relative to the free surface 
of the material* and under these conditions an 
axial force applied to a part of the surface would 
induce an axial stress and also a shear stress 
that would produce a transverse distortion. 
Since the cross-sectional area, A, the unit 
strain s/d and E vary relative to the diameter, d, 
a coefficient « is used and the axial strain energy 


2 
is}aEA (5) x volume. When only part of the 


material is stressed beyond the point E’ on the 
curves of Fig. 7, it is assumed that only a part 
of the transverse strain would be developed and 
the shear strain energy could be represented by 


4G ¢* x volume. Equating the work done to 
the strain energy: 

W,V* 
4W,h = 4A, = (abs + 4 G¢*) x volume. 


The velocity of impact 


v= [2M¢ x volume (xe (2)" + 16 4) 


During the rebound, the transverse distortion, 
being normal to the direction of impact, would 
not be reconverted into momentum and would 
probably be converted into heat. Neglecting 
the energy lost by vibration, the velocity of 


rebound, _ 
2A s\? 
Ce x volume x «E(5) 


and the coefficient of restitution is 


V; J (3) ae ae 


* TeeG +s0% 


When the whole of the material is stressed beyond 
E’ (Fig. 7), it is assumed that the whole of it is 
subject to shear stress, so that it would follow 
from equation 2 (ENGINEERING, 19 June, p. 800) 
that the strain energy of compression and the 
strain energy of shear would be equal and equation 


4 then becomes « = —* pales - 0-7; but when 


Vi 2 
none of the material is stressed beyond E’ 
(Fig. 7) it is assumed that none of the material 
is stressed in shear and, neglecting losses, the 
velocities V, and V. would be equal, so that 





* Newton considered there was a gradual change 
in the properties of matter near the free surfaces 
Cs. refer to letter to Robert Boyle, 28 February, 

). 


« = 1-0, very nearly. Thus, for a material hay- 
ing elastic properties assumed, the coefficient of 
restitution at stresses within the elastic limit 
would lie between 0-7 and 1-0, but when the 
maximum stress is beyond the elastic limit, 
leaving a permanent strain, the value would be 
reduced in proportion to the permanent/total 
strains. 

The elasticity of the surface layers of some 
kinds of material appears to take the form of 
surface tension giving a high coefficient of 
restitution under normal conditions. This applies 
to amorphous materials such as thermo-plastics 
and glass which has a coefficient of restitution 
of about 0-94. Hard baked clay, green concrete, 
non-crystalline materials and colloids are also 
in this category. Heat treatment is used to 
bring about the increase of the surface hardness 
of some metals or alloys that is usually associated 
with an increase in axial strength, although the 
elastic modulus is usually not appreciably 
altered. The heat treatment may, therefore, 
redistribute the elastic forces relative to the free 
surfaces so that the principal stresses are reduced, 
giving in effect an increase in strength. 

Impact hardness is more easily investigated 
by means of the Shore scelerescope.'? Shore’s 
own test results, mainly on metals, show that the 
Shore hardness is roughly proportional to the 
tensile strength, so that there appears to be an 
indirect connection between the two properties 
in respect of metals, particularly steels. Professor 
T. Turner'® found that sceleroscope hardness 
varies with the size and thickness of the material 
and he observed that the result of the test may 
vary with the nature of the support of the test 
piece. India-rubber gave a hardness number 
of 23—greater than mild steel—and soft pine 
wood 40—twice the value for grey cast iron—but 
teak, usually considered to be a harder wood than 
pine, gave a hardness number of 12. He found 
that the Shore hardness number of hard rolled 
copper was 30 and brass that would scratch it 
was 17. The hardness number of glass was 130— 
higher than hardened steel. 

Newton considered hardness to be a necessary 
attribute to an elastic particle and more recently 
there have been theories identifying hardness 
with the molecular attractive forces and with the 
crystalline structure of metals and _ alloys.’® 
Impact hardness tests cannot always be dis- 
sociated from the effects of ductility and 
plasticity, but a comparison of the hardness 
figures for similar kinds of materials may give 
some indication of the surface elasticity of 
materials. It appears that the elasticity of a 
face-centered metallic crystalline material tends 
to radiate from the central axis toward the free 
surfaces, but the elasticity of an amorphous 
material like glass is directed from the free 
surfaces inwards. The orientation of the elastic 
forces might be reflected in the mode of failure 
of the materials in tension and in compression 
and on the degree of variation of strength with 
the proportions and thickness of test pieces. 


Part 3 will be published later 
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The Reviewers 
(of books on opposite page) 


Mr. A. F. Harrison, who is serving with Sir 
William Halcrow and Partners as chief 
engineer for the Port of Tema, Ghana, was 
previously resident engineer for the same firm 
and concurrently port engineer on behalf of 
the Libyan Government for the Port of Tripoli. 
Earlier he had been area engineer for the 
Ministry of Works southern region, at another 
time contractor’s agent, and before the war 
with the public works department, Wellington, 
New Zealand. Mr. Harrison holds _ the 
degree of B.E. (N.Z.). 


Dr. Jacques Heyman is university lecturer in 
the department of engineering, Cambridge, 
and was previously, in 1957-58, visiting pro- 
fessor at Brown University, Providence, R.L., 
USA. He is author of Plastic Design of 
Portal Frames and co-author, with J. F. Baker 
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Il. HeisanM.A.,a Ph.D. and an A.M.I1.C.E. 
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Engines and Electrotechnics. By H. B. BRown and 
A. J. BRYANT. Second Edition. MacMillan and 
Company Limited, St. Martin’s Street, London, 
WC2. (15s) 


The first edition of 1938 ran to seven reprints. This 

volume aims at the technical-college engineering 

science course for the first, second and third years 

of the Ordinary National Certificate in mechanical 

engineering examinations. Exercises are included. 

Bonded Aircraft Structures. C/BA (ARL) Limited, 
Duxford, Cambridge. (52s 6d) 


A reprint of papers given at a conference arranged by 
the publishers in 1957. The sixteen papers, all by 
eminent authorities in their field, deal comprehen- 
sively with aspects of bonding in aircraft manufacture. 
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J. Miedzinski, M/T132 (24s); “A Wide Range 
Recording Anemometer,’ by A. N. Rapsey, O/T21 
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VENICE OBSERVED 


Venezia Nei Secoli (Venice Throughout the Cen- 
turies). Vols I and II: La Citta (The City). 
By EuGENIOo Miozzi. Casa Editrice “ Libeccio,” 
San Marco 2716, Venice, Italy. (Lire 16.500, 
190s or $25) 


These exquisitely produced books, written by an 
engineer of some note, do not pretend to be a 
treatise on how Venice is kept afloat, or even on 
any of the considerable engineering difficulties 
that must arise there. It would seem, in fact, 
that the author has studiously avoided any 
“shop” in the context, and, although having 
access to all the old official drawings in existence, 
has set about discovering ‘* Venice through the 
Centuries ” in the same way as an archaeologist 
would. The main difference, however, is that 
having made certain discoveries on the ground, 
he is fortunate in being then able to compare 
them with the original drawings where these are 
available. 

It should be borne in mind that Venice is not 
so much built up from the water, but rather that 
a group of islands have been extended until 
almost touching, leaving waterways between 
them. In fact, some have become completely 
joined, the smaller canals being little more than 
ditches. 

Great attention has been paid to the origina- 
tors of the various schemes of stabilisation and 
extension of the islands; these men being intro- 
duced by name, together with relevant dates of 
necessary laws to enable construction to be 
carried out, the construction periods, demolition 
of previous buildings, and so on, to an extent 
both exhaustive and somewhat exhausting to the 
reader. 

From an engineering point of view, probably 
more information is contained in the preface 
than in the whole of the rest of the books. It 
deals mainly with the coastline problem around 
the city, movement of shore sand by the sea, 
and the deposition of silt brought down by the 
smaller rivers. The subject is, however, only 


considered in general terms, suggesting that 
this problem will be dealt with fully in the final 
parts of this work. 

Some information is given in the chapter on 
the formation and growth of the city, as to the 
type of defences originally used in the days of 
antiquity, which were of the simplest type, and 
which have of course changed over the years. 
Medieval use of stone walls continues very 
largely at the present day, although modern 
works are apparently carried out in concrete. 
Owing to the lack of detail, however, it is not 
clear what form of construction is used for 
bridges, defence works, canal linings or other 
works or how these works are carried out. 

Architectural detail is dealt with at great 
length, as indeed one would expect with a city 
so rich in existing works of a bygone age, and 
both books are profusely illustrated with photo- 
graphs of not only well-known buildings, towers, 
churches, and squares, but also with many line 
drawings, including superimposed drawings, from 
which it is possible to see how the earlier city 
fits on to the layout of the modern city. Prints 
of many old drawings have also been included, 
and some in part at full size. 

The books are perhaps too detailed for easy 
reading, but, by this same token, contain a 
mine of information, mostly, as the title might 
suggest, of a historical nature. As an introduc- 
tion to the city, this work makes clear that 
although Venice lives by and for its waterways, 
these are by no means the beginning and ending 
of it all. There are in fact many fine gardens 
and public parks, and quite a large proportion 
of the buildings are no nearer to the water than 
the level of the water table. 

For those who have known Venice, these 
volumes provide a rich and beautiful record. 
They are fully and superbly illustrated, and would 
represent an attractive addition to any collection 
of fine books. 


A. F. HARRISON 


NUMERICAL ANALYSIS 
OF STRUCTURES 


Allgemeines Iterationsverfahren fiir verschiebliche 
Stabwerke. By RHEINHOLD GLATz. Wilhelm 
Ernst und Sohn, Hohenzollerndamm 169, 
Berlin-Wilmersdorf, Germany. (21 DM) 


Plane rigid frameworks are the subject of Dr. 
Glatz’s book. Considering first a framework 
restrained against sway, Dr. Glatz sets up the 
basic slope-deflection equations, expressing the 
angular rotation of a node in terms of the 
rotations at neighbouring nodes and of the 
fixed-end moments due to the applied loads. 
These equations, considered simultaneously, are 
sufficient to determine the rotations and hence 
the bending moments in the frame. However, 
the equations are too numerous to be solved 
easily, and a standard iteration method is 
developed, starting from calculated initial esti- 
mates of the rotations. (These initial estimates 
for each node ignore, in effect, all but the members 
immediately adjacent to a node of the frame.) 
The calculations are completely automatic, in 
the sense that trial and error is not used, 
and convergence is reasonably fast, certainly 
compared with the use of the Hardy Cross 
method of moment distribution for ring-type 
frames. 

In subsequent chapters sidesway is introduced, 
in terms of sway divided by column height; the 
resulting angles are then grouped together with 
the angular rotations of the nodes, and the same 
iteration procedure is used. Haunched members 
are also treated, simple tables being given for 
determining effective stiffnesses, and temperature 





effects and sinking of supports are worked into 
the general methods. 

The whole presentation is extremely elegant, 
and the book ends with worked examples of 
quite complicated structures (up to 24 redun- 
dancies) which are easy to follow and understand. 


Zehnteilige Einflusslinien fiir durchlaufende Trager. 
Vols. I and Il. By GeorG ANGER. Wilhelm 
Ernst und Sohn, Hohenzollerndamm 169, Berlin- 
Wilmersdorf, Germany. (Vol. | 37 DM and 
Vol. Il 41 DM) 


These are the first two volumes of the seventh 
(revised) edition of Dr. Anger’s ten-part beam 
tables, the complete work being in three volumes. 
Almost every conceivable loading condition is 
considered, and volume one tabulates loading 
coefficients for use in coutinuous beam formulae. 
These formulae are given for up to ten spans 
with simple end supports, up to five spans with 
one end of the continuous beam encastred, and 
up to eight spans with both ends encastred. 

The tables proper begin in volume two, and 
all cover beams up to five spans. Part A deals 
with simple supported continuous beams, under 
uniformly distributed loading (of different values 
in each span); part B the same but with one end 
encastred; part C with both ends encastred. 
part D gives results in terms of coefficients for 
any loading condition. For the engineer dealing 
with continuous beams these tables are of the 
greatest value. 

JACQUES HEYMAN 


On the Shelf 


By Frank H. Smith 


Although there is not, I think, a solitary 
engineering title in the list, readers may like to 
know of a pamphlet obtainable from Cambridge 
University Press (Bentley House, 200 Euston 
Road, London, NWI, and 32 East 57th Street, 
New York 22) listing the journals published by 
them. Frequency of publication, editor and 
prices are given. 

American Documentation, a product of Inter- 
science Publishers (88-90 Chancery Lane, Lon- 
don, WC2), has been going for eight years and 
it is quite evident from the contents list of the 
1958 issues, which they put on the leaflet to 
encourage one to subscribe, that there is no 
shortage of subject material in that field. Punch- 
cards, retrieval systems, bibliographic control, 
data processing are all thicker than Kipling’s 
pilchards at Looe. Back volumes cost £2 10s 
and subscription to the current one is £2 15s. 
I am intrigued by one title, “* Documentum ad 
Absurdum: An Essay on the Directions of 
Documentation Research.” I think I should 
enjoy meeting Emmett R. McGeever. 

Possibly a direct descendant of the old days 
when fire engines stopped only at houses bearing 
their label (like the old Carter Paterson cards 
one used to stick in the window) is the Fire 
Offices’ Committee Fire Protection Association 
(31-45 Gresham Street, London, EC2). Associate 
members pay a guinea a year and these are listed 
in a list of members which may be obtained, 
together with a list of the FPA publications. 
The former is 4s and the latter free. But you 
won’t want the latter if you are in the former 
because you will get them anyway—unless you 
want back numbers which, I imagine, are extra. 

Classification fans may like to know of the 
Service de Documentation et d’Information 
Technique de I’Aeronautique’s (I hope I’ve got 
the apostrophe in the right place) “* Classification 
des brevets d’invention interéssant |’aéro- 
nautique,” now in its fifth edition. It is a 
looseleaf and, strangely enough (why strange? 
because it’s French), is not decimal. It is what 
they call alpha-numérique. This is dated April 
and should not be confused with “* Classification 
Scientifique et Technique du SDIT” which 
came out in Janvier. The SDIT is située at 
Cité de l’air, 2 avenue de la Porte-d’Issy, Paris 
(1Se). 

“ Britain in Europe ” are happy to send us the 
April issue of their Monthly News Letter which 
costs £10 per annum or £5 per demi-annum. 
This organisation, which has an economic 
flavour on a rather high level of brow, can be 
reached at 61 Catherine Place, Palace Street, 
London, SWI, or ring VICtoria 4165. 

I have the impression that the number of ball 
bearing firms can be counted on the fingers of 
one hand. I also have the impression that each 
of them has produced, though it may not be 
immediately obvious that it is more or less 
sponsored, a book with a title like Ball and 
Roller Bearings. No-one could pretend ignor- 
ance of the products associated with Kugelfischer 
of Schweinfurt, yet I have just seen a most 
impressive pile of catalogues of balls and 
rollers from that firm and a book with just the 
title I quoted nicely prepared by Eschmann, 

Hasbargen and Weigand and published, in this 
country, by K. G. Heyden of | Vivian Avenue, 
London, NW4, at 56s. The catalogues are all 
specialised and one deals with bearings for 
German cars, another for English cars, another 
combines French and Italian, another for 
American and so on. Railway rolling stock has 
its list and so do motor cycles. A set of tables 
gives a comparison of balls with other makes 
side by side with FAG, which is the trade name 
of the Kugelfischer products. For further 
information, the address in this country is FAG 
Bearing Company Limited, Wolverhampton, but 
contact Mr. L. J. Rose at 367 Uxbridge Road, 
London, W3 (ACOrn 8871). 


















































































Documentary 


Rea and papers are so numerous that 
their assimilation becomes a more than 
human task. To assist in the digestive process 
we review below a selection of important reports 
published by the United Kingdom Atomic 
Energy Authority. References are given at the 
end of each note; the letters AERE indicate 
that the report was issued by the Atomic Energy 
Research Establishment, Harwell, and IG by 
the Industrial Group at Risley; the reference 
letters indicate the section of origin, for example, 
RP represents the reactor physics section, 
C the chemistry section and so on. The reports 
may be obtained from Her Majesty’s Stationery 
Office, or may be studied at a number of central 
libraries through the country, in London, for 
instance, at the Patents Office and Science 
Museum Libraries. 


UKAEA Information Centre 


An information centre has been opened at the 
London office of the United Kingdom Atomic 
Energy Authority. Its purpose is to provide a 
convenient centre in London where members of 
the public, commercial firms and other organ- 
isations may consult published unclassified 
material (that is with no security restrictions) 
and seek advice on sources of information on 
United Kingdom atomic energy matters. A col- 
lection of UKAEA unclassified: reports is 
available for reference. Indices and abstracts 
of atomic energy literature are filed and publica- 
tions about the work of the United Kingdom 
Atomic Energy Authority are available. The 
centre forms part of the public relations branch 
of the Authority. The facilities which it offers 
are complementary to the already well established 
information services provided by the Authority 
at Harwell, Risley and, to a limited extent, 
Aldermaston, for dealing with scientific and 
technical inquiries. 

Next to the centre is a photographic library 
which holds a collection of some 8,000 photo- 
graphs covering many aspects of atomic energy. 
Prints may be purchased out of stock or ordered 
to suit particular requirements. The library 
also holds stocks of slides in both colour and 
black and white which are available on loan. 
The information centre and the photographic 
library are open from Mondays to Fridays 
inclusive between 9.30 a.m. and 5 p.m. The 
address is: United Kingdom Atomic Energy 
Authority, 11 Charles II Street, London, S.W.1. 


Microphotography of UKAEA Documents 


In order to make atomic information more 
easily available the United Kingdom Atomic 
Energy Authority have decided to make fuller 
use of microphotography. The effect of this will 
be to make all non-secret reports which have 
been prepared since 1947 readily obtainable. 
Complete sets are also being presented to a 
number of other countries and to certain inter- 
national agencies. In addition to this the 
Authority is increasing its facilities for supplying 
reports in conventional form as they are prepared 


The details of the methods now introduced are as 
follow: (A) From 16 February, 1959, a large number 
of unclassified and declassified reports, which have 
hitherto been obtainable only on loan from UKAEA 
libraries, will be available in micro form. Arrange- 
ments have been made with Micro Methods Limited, 
of East Ardsley, Wakefield, Yorks., for the production 
of microcopies on card of all unclassified and declassi- 
field reports issued between 1947 and December, 
1956, and, on a continuing basis, of those reports 
issued since 1956, which are not available on sale 
from Her Majesty’s Stationery Office. Microcopies 
may be purchased from Micro Methods as listed. 

(1) All unclassified and declassified reports issued between 
1947 and 1956; complete set, £120. 

The Atomic Energy Authority are presenting complete sets of 
these microcopies to those overseas countries with which the 
Authority have active report exchanges. Sets are also being 
presented to the International Atomic Energy Agency, the 
European Nuclear Energy Agency and Euratom. 

2) Unclassified and declassified reports (except reports for 
sale) issued January, 1957, to June, 1958. Complete set, £14. 

(3) Unclassified and declassified reports (except reports for 
sale) issued July, 1958, to June, 1959. Complete set, £9. 





Individual reports may also be purchased separately 
at a cost of 2s per card. A list of all reports of which 
microcopies are available may be obtained from 
Micro Methods at the address given above. 

(B) Paper copies of all currently issued unclassified 
UKAEA reports may now be obtained against a 
running account from the library of the Atomic 
Energy Research Establishment, Harwell, Didcot, 
Berks. Bills will be sent quarterly covering reports 
despatched in the previous quarter. Subscribers may 
order all reports issued or those in any of the following 
categories: technology—feed materials, technology— 
raw materials, geology and mineralogy, metallurgy 
and ceramics, chemistry—general, chemistry—radia- 
tion and radiochemistry, chemistry—separation pro- 
cesses for plutonium and uranium, stable isotope 
separation, radiation effects on materials, radioactive 
waste, reactors—general, reactors—power, criticality 
studies, instruments, health and safety, particle accel- 
erators and high-voltage machines, physics and math- 
ematics, and controlled thermonuclear processes. 


Patents and Inventions 


Lists of patents and inventions available for com- 
mercial exploitation are issued by the UKAEA, 
Patents Branch, London, SW1, subdivided into groups 
(for example, mechanical, chemical and electronic). 
They cover a wide range of interests. (J. A. 
Gay, patents exploitation officer.) 


Graphite Reactors 
Pippa Experiments 


A declassified report on exponential experiments of 
a few years ago, to provide criticality data for gas- 
cooled reactors in general. Tables of data are given, 
along with photographs of the set-up. The para- 
meters considered were purity and density of graphite, 
lattice pitch, rod diameter, channel size and enrich- 
ment. (AERE R/R 2602, Exponential Experiments 
for PIPPA Mk. 1, Miss G. Bevan, P. W. Mummery, 
A. J. Salmon and M. W. Thompson, 72 pages, 
15 figures, 15s.) 


BEPO Coolant Radioactivity 


Recently declassified, the report covers measure- 
ments on the radioactivity of BEPo coolant air when 
the reactor was working at 3-5 MW, with a coolant 
flow of 320,000kg per hour. A mean value of 
255 disintegrations per,cu. cm per minute was found, 
entirely due to argon 41. The counting technique 
is described in detail. and a short bibliography given. 
(AERE HP/M41, The Measurement of the Radio- 
activity of the Cooling Gas from the Harwell Pile, 
R. N. Crooks and H. J. Gale, 11 pages, 2 figures, 
2s 6d.) 


Reactivity Control by Single Roads 


Calculated results are given for the excess reactivity 
controlled by a single rod, of various diameters from 
0-4 to 12in in a small graphite-moderated reactor. 
Recently declassified, the theory is outlined to aid 
in establishing whether one or a ring of rods is 
necessary. (AERE R/M3, The Excess Reactivity 
Controlled by a Single Central Control Rod, J. D. 
McCullen, 3 pages, 1 figure, 1s 2d.) 


Graphite Microstructure 


A recently declassified paper on measurements of 
the microstructure of graphite, as indicated by 
study of real density, total internal surface and 
capilliary condensation. Between 12 and 22 per cent 
of the total pore volume is not accessible to gas, but 
is opened up by slight oxidation, or, as would be 
expected, by grinding—this naturally being accom- 
panied by a large increase of internal surface. All 
the internal pore space is accessible to gas when 
6 per cent oxidation has occurred, indicating that the 
structure comprises ideal blocks of average diameter 
0-47 microns, and that some of the pores seem to 
have narrow necks. Details are given of results, 
techniques, references and graphs. (AERE C/R882, 
The Microstructure of Graphite, L. E. J. Roberts 
E. A. Harper, C. T. Small, 30 pages, 4 figures, 4s 6d) 


Irradiated Graphite Energy 


The stored energy in irradiated graphite may be 
measured using a special calorimeter having two 
parts. When fitted together these have a space of 1 in 
diameter and 3in length between them for the 
sample; they are used in an evactuated enclosure 
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having a water-cooled base and cover. Thermo- 
couples connected differentially and a small platinum 
coil acting as a radiant heater, all associated with the 
calorimeter and operating in conjunction with elec- 
tronic control circuits, allow various types or experi- 
ments, in which stored energy release is measured 
under given heat-transfer conditions, to be made. 
This type of equipment was used to measure the 
stored energy in Bepo graphite before the second 
annealing. (AERE M/R 2564, An Adiabatic Rise 
Calorimeter for Measuring Stored Energy in Irradiated 
Graphite, R. W. Henson and J. H. W. Simmons, 
10 pages, 13 figures, 4s.) 


Thermal Wave Propagation in Graphite 


Solutions are given for heat conduction equations 
in irradiated graphite—that is a medium in which 
stored energy can be released by the wave. The 
results suggest that wave propagation associated with 
a low-temperature Wigner release should be about 
3cm per minute. More detailed calculations at 
Aldermaston suggested that perhaps 2 cm might be 
a better figure; it is about the value reached in 
Bepo during a pile anneal. The equations derived 
are explained in terms of physical meaning. (AERE 
T/M 162, On the Propagation of Thermal Waves in 
Media with Stored Energy, A. J. E. Foreman, 
10 pages, 1s 9d.) 


Gamma Heating of Moderators 


Recently declassified, the report discusses the heat 
generated in the moderator by gamma rays escaping 
from uranium fuel rods. The fraction of gamma 
energy absorbed in the fuel rod is computed at 
various energies, with a correction for non-uniform 
origin in the rod. These results are given, for two 
rod sizes, in tables, and approximately half the 
energy of fission and capture gammas from the fuel 
pass to the graphite. The topic is considered in 
some detail with a discussion of the significance of 
most sources of heat and modes of gamma inter- 
action leading to energy loss, with a full mathematical 
treatment. A number of references are cited. 
(AERE T/R2218, Escape of Gamma Radiation from 
Uranium Rods in a Pile Heat Evolved in the Moderator, 
J. S. Storey, 3 figures, 44 pages, 7s.) 


Adsorption of Water by Graphite 


A recently declassified report on the adsorption 
of water on pile graphite with results related to 
relative humidity and the effect on the pile reproduc- 
tion factor—for example in Brepo. The measure- 
ments were made on small samples at 25°C and 
indicate that at 85 per cent relative humidity half 
saturation is reached in 27 hours, but 80 per cent in 
about 11 days. This enables changes in reactivity 
during shutdown, and normal operation, due to 
water absorption from air, to be estimated. This 
characteristic is significant since hydrogen has 60 
times the cross section of graphite for thermal 
neutrons. Oxidation of graphite increases the 
absorption, and possibly the rate also. Sufficiently 
accurate results were obtained by weighing tech- 
niques, which are described in some detail. A short 
list of references is included. (AERE C/R 2219, 
The Adsorption of Water on Pile Graphite, C. C. 
Horton and L. E. J. Roberts, 33 pages, 12 figures, 4s.) 


Organic Moderated Reactors 


Organic Liquid Moderated Reactor Criticality 


Some results are obtained for flux distribution in 
experiments with slightly enriched uranium rods 
(1:2in diameter, 1-0, 1-3 and 1-6 C, enrichment) 
in a commercial diphenyl and diphenyl oxide 
moderator mix. These are extrapolated to approach 
to critical conditions by analysis of fundamental 
terms of flux harmonics using tables computed by 
punched cards. Some references and graphs are 
given, with much advanced mathematics. (AERE 
R/R 2358, The Interpretation of Approach-to-Critical 
Experiments with Application to Organic Liquid 
Moderated Systems, L. G. Sanders and A. K. 
McCracken, 36 pages, 10 figures, 5s 6d.) 


Density of Potential Organic Moderators 


Density values, to an accuracy of } per cent, are 
given for Santowax, Dowtherm, diphenyl and the 
terphenyls, obtained by means of glass dilatometers. 
Santowax is probably cheaper than the rest and has an 
equal radiation resistance to diphenyl. Details of 
the apparatus are given, along with references, 
appendices, drawings and graphs of results. (AERE 
R/R 2762, Measurement of the Density of ** Santowax 
R,” Para-, Meta-, and Ortho-Terphenyl, Diphenyl and 
Dowtherm A, R. W. Bowring and D. A. Garton, 
22 pages, 11 figures, 4s 6d.) 
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Water Reactors 


Light Water Reactors: Bibliography 


A bibliography of unclassified report literature on 
the physics of heterogeneous light-water moderated 
reactors. Some 200 reports and articles are listed 
alphabetically. Swimming-pool, tank, pressurised 
and boiling-water systems are listed separately. 
(AERE INF/BIBI12, Physics of Heterogeneous, 
Light Water Moderated Reactors: A Bibliography of 
Published and Unclassified Report Literature, Miss 
A. Potter, 23 papers, 3s 6d.) 


LIDO 


A detailed account of the reactor core, instrumenta- 
tion, tank, water treatment plant, services and 
buildings, along with reactor physics, shielding and 
heat transfer calculations, a bibliography, detailed 
a ae and graphs of neutron flux, 
control rod effects and doubling times. 

Lipo is a 100 kW light-water naturally convective 
cooled 24ft deep swimming-pool reactor, with 
concrete walls lacking only where 8 ft square and 
I-shaped aluminium portions allow shielding studies 
to be undertaken; the reactor trolley can move the 
core within an inch of these panels. There are also 
3 gamma ray and neutron beam holes. Safety 
devices are described and reasons for thinking that 
power would be self-limiting due to steam void 
formation. With a fuel surface temperature of 
115°C theory suggests 800kW of heat could be 
removed by natural convection in the water, but in 
fact heat exchangers remove two-thirds of this quantity 
at full power, giving a steady water temperature rise 
of 0-3° F per hour. (AERE R/R 2340, LIDO: The 
Engineering and Physics Design, H. R. McK. Hyder, 
A. Green, C. J. Kenward, J. W. Weale, E. D. Jones, 
P. J. Oram, 34 pages, 28 figures, 11s). 


Subcritical Assemblies of Plates in Water 


Experiments on subcritical assemblies of enriched 
uranium plates in ordinary water are described with 
measurements of the Laplacians and a new method 
of analysing the results, with its appropriate theory. 
Some 640 of the plates intended for Leo were used. 
Tables and graphs of results, with photographs of 
the assemblies, are given. (AERE R/R_ 2562, 
Experiments on Subcritical Assemblies of Enriched 
Uranium Plates in Natural Water: Part 1. The Lap- 
lacians of One-Eighth Inch Plate Assemblies, S. E. 
oe and A. K. McCracken, 31 pages, 9 figures, 
5s 6d.) 


Homogeneous Reactors 


HAZEL 


The lady’s name stands for Homogeneous Assembly 
Zero Energy, a critical assembly of heavy-water 
solutions of uranyl fluoride with 46 per cent enrich- 
ment of uranium 235. The report is the physics 
part of a Haze triad, the others being CE/R2624 
on the fuel system details, and R/R2731 giving a theo- 
retical analysis of results. Originally the project 
was named ZetTr 2, and was undertaken to obtain 
criticality data, for uranium 235 and also for uranium 
233, but the uranium 233 studies were later dropped. 
The results are complementary to the light-water 
data presented in R/R 2051. Graphite-reflected 
right cylinders were used, at nine different concen- 
trations, with radial and axial flux measurement 
using bare or cadmium covered indium and manga- 
nese foils. Safety considerations included: adding 
reactivity only one way at a time and not more than 
at 1 per cent per minute, and of solution only by way 
of an intermediate pot from storage. Any half of 
the safety devices had to deal with all excess reactivity, 
and a concrete shield was essential. Neither core 
nor fuel was dumpable and control comprised 
safety shut-off cylinders of stainless-steel clad cad- 
mium with magnetic clutches, somewhat similar shut 
off plates and fine control plates, with no normal 
use of doubling time systems. Suggested improve- 
ments are the use of a liquid reflector and temperature 
control of the input fuel. Detailed references, 
results, photographs and graphs are included. 
(AERE R/R 2703, Critical Assemblies with Heavy 
Water Solutions of Uranyl Fluoride (HAZEL) Part 2. 
Physics, J. R. Harrison, M. F. Smith, W. G. Clarke, 
A. M. Mills and Miss J. A. Dyson, 66 pages, 25 
figures, 14s.) 


Thoria Slurry Reactors 


A recent study of single-zone spherical power 
reactors using a thoria and uranium 233 slurry in 
heavy water at 265°C, concentrations of 200 to 1,000 
grams per litre and diameters between 7 and 15 ft at a 
thermal power of 400 MW. It is concluded that such a 





system is more attractive than had been thought and 
a core mass of a hundred or two kilograms is necessary, 
equal to a year’s burnup, and a minimum diameter of 
about 12 ft seems reasonable. The mathematical 
theory and a series of graphs are given. (AERE 
R/R 2537, A Study of Single-Zone U233 Thoria Slurry 
Reactors, W. G. Clarke, 18 pages, 10 figures, 3s). 


Preparing Uranyl Fluoride Solutions 


Details on the preparation and handling of uranyl 
fluoride solutions for use in Zetr, of uranium 233 
and 235 in light water, the latter being 44-6 per cent 
enriched. For the range of concentration wanted, 
only uranyl fluoride or nitrate are chemically possible, 
but as heavy water systems were later to be used, 
only the fluoride was possible; it is also not very 
corrosive. Methods of manufacture, handling and 
health safety are outlined. Most of the work was 
carried out in dry boxes, using fairly simple equip- 
ment. Drawings and photographs of equipment are 
included. (AERE CE/R 2052, Critical Assemblies 
of Aqueous Uranyl Fluoride Solutions: Part 2. Pre- 
paration and Handling of Solutions, J. E. Cunningham, 
G. P. Wall and I. Wells, 25 pages, 12 figures, 6s.) 


Flowing Slurries 


A study of soluble slurry systems—thorium bis- 
muthide and bismuth, or ammonium oxalate and 
water—flowing under a thermal gradient. The 
conclusion is that crystal growth tends to plug such 
systems and may make them unsuitable for use as 
either fuel or blankets in reactors (unless radiation 
affects this growth, a point which was not studied). 
High flow velocities do not prevent plugging at the 
coldest point, and trouble can be expected due to 
centrifugal force where there is a direction change, 
for example, at bends and valves. Plug sections are 
illustrated and the experiment was carried out with 
oxalate in glassware so that the process could be 
watched. It is suggested that small particles dissolve 
at hot spots and deposit on cold larger particles, so 
that these particles grow to be too large to be held in 
suspension. Details of the circuits are given, with a 
short bibliography. (AERE MR/R 2529, The 
Behaviour of Soluble Slurries Flowing Under a Thermal 
Gradient, R. J. Hawes, G. W. Horsley and R. Sheldon, 
17 pages, 7 figures, 8s). 


Particle Size for Slurry Fuels 


An attempt to estimate particle size requirements 
for settled slurry fuels, recently declassified. If the 
size is about 10 microns, fission product diffusion 
from uranium plumbide into lead will equal its rate 
of production, after 2 per cent burnup. Diffusion 
flow in the liquid could limit slurry depths to a few 
centimetres, and bubbling and flotation problems 
are briefly considered. Steady-state conditions may 
be reached in 100 days, and, as 30 per cent of fission 
products are gases, it is essential that a stable surface 
foam is not formed; this should be checked experi- 
mentally. Gassing will probably occur, giving 
stirring, which, aided by convection, would allow a 
greater head of slurry to be used. (AERE T/M 93, 
An Estimate of the Particle Size Required in a Settled 
Slurry Fuel Element, W. M. Lomer, 8 pages, 1s 9d.) 


Fission Fragment Diffusion in Slurries 


A declassified, more detailed, discussion of report 
T/M-93 regarding maximum size of slurry particles 
from which fission fragments escape into liquid at 
600° C in a system of UPb, solid-Pb liquid. Unpre- 
dictable sintering effects in a slurry and bubbling 
from gas release in the lead uranium system are con- 
sidered. The very local heating due to fission inside 
a slurry particle does not alter diffusion constants, 
as shown by analysis of local heating by ** knock-on ” 
with resolidification in 10-!° seconds approximately. 
In the absence of experimental data it seems that 
irradiation may accelerate solution and reprecipita- 
tion effects of slurry—for example, particle growth 
and sintering, for concentrated fuels at least. A 
short bibliography is given. (AERE T/M 116, 
Diffusion of Fission Fragments in Slurry Fuel Elements, 
W. M. Lomer, 5 pages, Is 9d.) 


Reactor Physics 


Fisson Data 

This report includes a recent best consistent set 
of nuclear constants for fission of uranium 233 and 
235 and plutonium 239, for example, cross section 
and neutron emission for incident neutrons of 
2,200 metres per second. These figures differ slightly 
from world averages; their derivation and the relevant 
mathemtics are given, along with 32 references. 
(AERE NP/R2140, Tables of Consistent Nuclear 


Data for U233, U235 and Pu239 for 2,200 M/Sec 
Neutron, P. A. Egelstaff, K. W. Morton and J. E. 
Sanders, 7 pages, Is 9d.) 


Reactivity Temperature Coefficient 


A recently declassified mathematical estimate of 
the temperature coefficient of reactivity due to 
thermal expansion of a spherical core surrounded by 
reflector shows the coefficient to be negative and less 
for a bare core. One group diffusion theory is used 
and variation in nuclear cross section with tem- 
perature is ignored. The result follows from the 
core expanding into the gap necessarily left between 
it and the reflector. (AERE RP/M40, The Tem- 
perature Coefficient of Reactivity Due to Thermal 
Expansion of a Reflected Spherical Core, J. Codd, 
16 pages, 3s.) 


Xenon Poisoning 


The effect on reactivity of xenon poisoning transients 
following reactor power changes are considered in 
this recently declassified report. Curves are given 
for quick assessment of reactivity change rates, 
maximum value and time to reach it. An unre- 
flected core with no flux flattening is assumed, but, 
using mean flux values, reasonable estimates obtain 
for real cores. The graphs can be used for any 
thermal reactor independant of enrichment and 
lattice constants. (AERE ED/R 1950, Xenon Poison- 
ing Transients Following Changes in Reactor Power, 
and Their Effect on Reactivity, W. Macrae and R. 
Parr, 22 pages, 8 figures, 4s.) 


Neutron Migration Length 


Recently declassified calculations on the neutron 
migration lengths for infinite reactor lattices are 
compared with the less detailed results given in 
report T/R103 which used less realistic premises, 
but results differ by only about 1 per cent, over the 
parameter range considered. (AERE T/R221, 
Calculation of the Neutron Migration Length in an 
Infinite Lattice, D. J, Behrens, 13 pages, 2s 6d.) 


Neutron Diffusion in Graphite and Bismuth 


A summary of the results obtained from an experi- 
mental study of the slowing down and diffusion of 
neutrons in mixtures of graphite and bismuth, includ- 
ing the first published data on many of the topics 
considered. The purpose was to establish critical 
conditions and neutron economies for possible 
liquid-fuelled reactors. A variable stack of bismuth 
and French graphite was assembled, with four 
antimony-beryllium neutron sources, and also means 
for easy insertion of uranium as fission sources if 
required. Complete details of the assembly are 
given, along with photographs and data on experi- 
mental techniques, which included gold and indium 
foil measurements. Results obtained agree with 
published data for pure graphite within 5 per cent, 
and reasons for this small difference are given. 
Diffusion results agree with simple theory, and slow- 
ing down data indicate a preferred forward scatter 
from bismuth greatly outweighing inelastic scattering. 
A bibliography and several appendicies are included, 
along with numerous tables and graphs of results. 
(AERE R/R 2501, An Experimental Study of the 
Slowing Down of Fission Neutrons and the Diffusion 
of Thermal Neutrons in Graphite and in Heterogeneous 
Mixtures of Bismuth and Graphite, W. G. Davey, 
J. C. Field, J. C. Gilbert and A. L. Pope, 66 pages, 
24 figures, 13s.) 


Holes in Reactor Cores 


A recently declassified mathematical analysis of 
the effects of holes on neutron passage in reactors 
shows that a two-dimensional gash through the core 
gives a great increase in neutron migration length, 
and should be avoided. Totally enclosed or cylin- 
drical holes give smaller effects, but naturally should 
be as small as possible. (AERE T/R 103, The Effect 
of Holes in a Reacting Material on the Passage of 
Neutrons, with Special Reference to the Critical 
Dimensions of a Reactor, D. J. Behrens, 9 pages, 
2s 6d.) 


Analogues for Loops in DIMPLE 


Models based on electrical analogous networks 
have been developed for calculating neutron flux 
distributions giving results in agreement with experi- 
mental loops in DimpLe. Some empirical methods 
are suggested for dealing with air gaps and enriched 
fuel, and analogue computers may be needed for 
more complex problems. Feedback can be used for 
moderation and return of neutrons to a system, but a 
tendency to over-estimate must be corrected. The 
























































































original aim was to investigate phenomena expected 
in Dipo and PLutTo experiments and it is suggested 
that an unexpected streaming law might be found with 
gas-cooled reactors. Numerous circuit diagrams and 
graphs are presented, along with a few references. 
(AERE R/R 2418, Neutron Flux Distributions in Loops: 
An Analysis of Experiments in DIMPLE, D. Hicks, 
48 pages, 13 figures, 7s.) 


Reactor Engineering 
Reactor Engineering Bibliography 


About a hundred references to books and other 
documents, with brief resumés, in the field of nuclear 
power and reactor engineering—limited to those in 
English and easily available. (IGRL IB/R-6, 
Nuclear Power and Reactor Engineering, J. C. Hartas, 
17 pages, 3s.) 


Bearings Under Sodium 


The report gives work completed up to four years 
ago on tests for the most suitable bearing media for 
a 50h.p. sodium pump. The critical period is during 
startup when rubbing could cause galling or seizing. 
Tabulated results of 300 tests are given, along with 
microphotographs and graphs of results, which 
suggest thirty possible pairs of materials which may be 
satisfactory. In three-quarters of the cases a cemented 
carbide is one of the pair, one much favoured being 
flame-plated tungsten carbide on stainless steel, with 
the normal construction material for sodium plant 
as base. The technique used is described and 
illustrated in detail, (AERE R/R 1891, Some 
Preliminary Tests on Bearing Materials to Operate 
Under Liquid Sodium: Revised Interim Report—June 
1954, D. F. Elliott, E. Holland and K. A. Tomblin, 
42 pages, 16 figures, 7s.) 


Special Article 


Caustic Soda in Reactors 


A detailed survey of data on molten sodium 
hydroxide relevant to its use in reactor systems, along 
with 60 references. It has good thermal stability, 
low cross section and lowish melting point, along 
with good heat transfer properties. Only lithium (7) 
hydroxide might be better, ignoring expense. There 
are certain surprising omissions under physical 
properties: no data are given on surface tension. 
Nickel is suitable as a container material up to 
550° C, and centrifugal pumps with overhung bear- 
ings are suggested—perhaps with a ball race of 
inconel and monel. No uranium compounds are 
soluble to an extent useful in reactor systems, although 
a slurry of uranates may be suitable. Irradiation 
stability is probably fairly good, and although only 
one quarter as efficient as sodium for heat transfer, 
it is inherently very nearly safe as far as pipe rupture 
is concerned. (AERE C/R 2439, A Survey of Data 
and Information on Molten Sodium Hydroxide Relevant 
to its Application as a Reactor Medium, J. N. Gregory 
and N. Hodge, 23 pages, 4s.) 


Monitoring Helium Impurities 


The particular problem was analysis of helium blanket 
gas in reactors such as Dipo and PLuTo, but the 
equipment might be useful in measuring the total 
impurities (less hydrogen) of helium coolant in the 
HTGC reactor—if the activity is not too high. Two 
designs of katharometer were tried. They had base 
line drifts low enough for use in a continuous analy- 
ser, their sensitivities being 1,000 ppm and 5,000 ppm 
for full-scale deflection. Sensitivity of the detector to 
hydrogen and deuterium is such that for concentrations 
of the gases equal to the sum of the other impurities, 
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corrections are less than 3 per cent and 11 per cent 
respectively. AERE C/R 2807, The Measurement of 
Impurities in Helium. Part 1, The Katharometer as a 
Continuous Analyser for Impurities, M. Wilkins, and 
J. D. Wilson, 14 pages, 7 figures, 3s. 6d. 


Two-Phase Heat Transfer 


An up to date critical review of literature from 
1935 up to 1957 dealing with heat transfer to two- 
phase gas liquid mixtures flowing in vertical or hori- 
zontal tubes, under natural or forced circulation. 
The bibliography includes 120 references, with a 
further ten page supplement on related topics. A 
general appraisal of heat transfer mechanisms is 
made, with sections on the effect of agitation and 
surface on nucleate boiling; suggestions are also 
made for further work. Detailed discussions pro- 
ceed throughout the report, which includes a section 
on single-component systems. Final summaries 
include the following points: There is no general 
method for predicting heat transfer to two-phase 
gas-liquid mixtures flowing in a tube. Two-phase 
heat transfer in evaporators at near atmospheric 
pressure can be predicted using known correlations, 
but with unknown accuracy, and more data are 
needed for pressures up to 1,500 Ib per sq. in abs. to 
study pressure effects. Three different modes of 
transfer occur with liquid vaporising in a tube: 
nucleate boiling, forced convective, and liquid deficient 
regions; the boundaries between the regions are 
uncertain, as also are the effects of geometry and 
construction materials. There are numerous graphs 
and detailed tables of data. (AERE CE/R 2496, A 
Review of Two-Phase Heat Transfer (1935-1957), 
J. G. Collier, 119 pages, 42 figures, 16s.) 


Concluded from 
page 795, 19 June 


Described as ‘‘the only original and true blue marine design” to be 
submitted to the Galbraith Committee, the steam-cooled heavy-water 
moderated reactor put forward by Vickers Nuclear Engineering 
Limited was conceived essentially and from the beginning for marine 


propulsion. 


The case for this system and a general description of 


the Vickers reactor; including a table of technical data, appeared 
in the first part of the present article, which continues with a more 
detailed account of the mechanical design. 


Mechanical Design 


¥ te general arrangement of the reactor and 
its associated plant, the design of the reactor 
core, and the means for fuel charging and dis- 
charging were illustrated in Figs. 1, 2 and 3, which 
accompanied the first part of the article. 

An aluminium calandria (see Fig. 2) contains 
the heavy-water moderator at constant tem- 
perature below boiling point and at about 
atmospheric pressure. Pressure tubes of light 
alloy form part of the calandria stressed to carry 
the coolant pressure of 600 lb per sq. in and 
operate at moderator temperature; these pressure 
tubes are insulated from the coolant by a layer 
of helium at about coolant pressure and the 
helium is separated from the coolant system by 
a barrier tube of thin austenitic steel. The 
helium thus acts as insulator and _ pressure 


Fig. 4 Views of a segment from the top of 
the reactor, showing the toroidal steam main. 


transmitter and leak monitor. At the top and 
bottom of the reactor there is a mechanical 
joint at moderator temperature making the 
transition from light alloy to the stainless steel 
of the header system. The barrier tube is 
secured by welding to the stainless steel stand- 
pipes at both ends so that the mechanical transi- 
tion joints are covered by the helium blanket. 
A bellows piece on the inlet end of the barrier 
tube allows for thermal expansion. The coolant 
is carried out by individual connections between 
the inlet and outlet ring headers and the ends of 
each fuel channel. These pipes provide the 
flexibility needed for a rigid lattice of fuel 
channels set by the cold calandria operating with 
a collecting header system, which expands at 
working temperature. Views of a segment from 
the top of the reactor, showing the toroidal 
steam main appear in Fig. 4. The design 
provides all the individual pipe connections to 
fuel channels in three layers of pipes. These 
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connections also make it possible to monitor 
all channels for defective fuel elements. 

The fuel elements consist of full core length 
bundles of 19 rods, each rod being an assembly 
of 4in diameter uranium-oxide pellets in a thin 
austenitic-steel can with a single integrally 
formed spiral spacer rib. Full length elements 
were chosen because any form of continuous 
refuelling seems out of court at sea and therefore 
both parasitic material and refuelling time can 
be saved in comparison with a channel loading 
consisting of a number of shorter element bundles. 
Moreover, special gas volume can be provided 
at both ends to accommodate fission product gas. 

The control of the reactor is performed 








similar numbers but in this case underlined. Key to measuring 
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entirely by fluid transfer. There are 52 sets of 
thin-walled aluminium tubes between the fuel 
channels inside the calandria, which contain 
about 40 per cent of the moderator in the lattice; 
these tubes can be emptied to reduce reactivity 
without leaving any surface uncooled. The 
amount of control must give safe shutdown 
when clean and cold and must give the reactor 
a reactivity life equal to the expected mechanical 
life of the fuel elements. The control system 
provides 5 per cent reactivity for shutdown 
when new and cold, flux flattening and a reac- 
tivity life with full xenon override of 8,000 hours 
at full power, which is equivalent to a mean expos- 
ure in the most highly rated fuel channel of about 





points: flow F, temperature T, pressure P and level L. 


5,000 MW days per tonne of uranium dioxide. 

The flattening is obtained through the emptying 
of control tubes in the central area of the reactor. 
Shim control is obtained by refilling or emptying 
one set of control tubes at a time on the boundary 
of the flattened region, while fine control is 
effected by level control of an appropriate set of 
control tubes. In operation, each set can be 
filled or emptied at preset rates through solenoid 
valves. Large scram valves in each set are held 
closed by fail-safe type solenoid pilot valves. 
The valves are designed so that their performance 
is not affected by shock loading. Fig. 5 is the 
steam circuit diagram for the complete coolant 
system. 
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TEACHING LABORATORY 
FOR ELEMENTARY HYDRAULICS 


By Dr. E. MARKLAND, B.Sc., A.M.I.C E. University of Nottingham 


A range of equipment for performing simple 
experiments in hydraulics has recently 
become available. The apparatus, which has been 
developed from designs originally produced to 
equip a first year engineering laboratory at the 
University of Nottingham about seven years ago, 
is suitable for a first laboratory course in the 
subject. Some of the experiments, moreover, 
may be suitable for incorporation in school 
courses in physics or mechanics. 

A notable feature of the equipment is that it 
is small and easily transportable, and may readily 





Flow Through a Venturi 


The Venturi tube, made in a clear plastics 
material, has an inlet diameter of 1 in and a 
throat diameter of 8in. The pressure variation 
along the tube is made apparent by having 
11 piezometer tappings along its length, so that 
the fall in pressure to the throat and the sub- 
sequent rise along the diffuser is readily seen on 
the multiple manometer mounted above the 
tube. This variation is compared, as in the 
accompanying graph, with the ideal pressure 
variation calculated from the known dimensions 
of the tube, on the assumption of one-dimen- 
sional flow without losses. This comparison 
shows that the losses are quite smali up to the 
throat, but become steadily greater as the fluid 
decelerates in the diffuser downstream of the 
throat. 

The Venturi tube can be calibrated as a meter 
by recording the differential pressure between the 
upstream and throat sections at various rates 
of flow as determined from the weighing tank. 
The meter coefficient, which is liable to vary a 
little from one piece of apparatus to another, 
is usually about 0°97, a reasonable value for 
a meter of this size. 


Small bench. 


be set up in an existing laboratory or room. 
The only service required is a single electric 
power plug. 

Facilities for testing the various pieces of 
apparatus are provided by a hydraulics bench. 
Water is supplied to a valve at the bench by a 
small centrifugal pump which draws from a 
sump below, and the pump delivery head is 
shown on a Bourdon gauge which may be 
calibrated by a deadweight tester supplied with 
the bench. Apparatus to be tested is placed on 
the bench top and connected to the supply 





Tube 


Measured and_ ideal pressure 
distribution along a Venturi tube. 


— Calculated, No Losses 
© Measured, Q = 0:01592 Cusecs 
+ Measured, Q = 0°01236 Cusecs 
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Velocity Pressure at Throat 
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Larger bench. 
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valve by a flexible hose. Another flexible hose 
directs the discharge from the apparatus into 
a weighing tank, from which the water falls 
freely back to the sump. Measurement of 
discharge is made by closing the outlet from the 
weighing tank, and timing the collection of any 
convenient weight of water. 

The bench top, which is easily removable for 
inspection of the weighing mechanism, is 
covered with a plastics material and has a 
moulded plastics lip round the edge, so that water 
leaking or splashing from apparatus does not 
spill over, but drains 
through a waste hole 
back to the sump. 

An alternative larger 
bench is also available, 
having three supply 
valves equally spaced 
round its circular top, 
a pressure-relief valve 
being incorporated to 
mitigate interference 
between experiments. 

The apparatus des- 
cribed on this and the 
following pages has been 
designed to work satis- 
factorily over the range 
of pressure and dis- 
charge available on the 
bench, and the experi- 
mental results which are 
shown have been ob- 
tained from typical tests 
performed on one of the 
larger benches. 

The apparatus is 
manufactured and dis- 
tributed by Tecquip- 
ment Limited, Research 
and Development Engi- 
neers, 79 Alfreton Road, 
Nottingham. 
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A sheet metal pontoon of rectangular form floats in water and carries 
From this a plumb-bob is suspended, so 
the angle of tilt of the pontoon may be read off a scale attached to the 
stem. The centre of gravity may be moved sideways by displacing a 
A relationship between a Oe | 
the displacement of the jockey weight and the angle of tilt may thus be 
Over the working range, the angle of tilt 
is found to be directly proportional to the displacement of the jockey 


a stem braced with cords. 


sliding jockey weight across the pontoon. 
established experimentally. 


weight. 


pontoon. 


Stability of a Floating Body TI 


| 

| 
The degree of stability of the pontoon can be altered by varying the | | | 
height of its centre of gravity, so that the point at which the pontoon }— 
becomes unstable may be found, this being the condition when the es 
centre of gravity and the metacentre are at the same height. The | dd 
experimental result may then be compared with the calculated height 4 wg | 
of the metacentre based only on the mensuration and weight of the Pf 
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Discharge through an Orifice 


A sharp-edged orifice drilled in a small plate 
is fitted to the bottom of a header tank. The 
plate is shaped so that the internal surface is 
flush with the inner surface. Water is fed from 
the bench supply through a sprinkler pipe and 
screens to the header tank, and emerges as a 
smooth jet from the orifice. The jet passes into 
a hopper which leads to the weighing tank. 

The velocity acquired by the water in passing 
through the orifice may be measured by inserting 
a pitot tube into the jet, the head registered by 
this being recorded in a manometer tube along- 
side a sight glass which indicates the water level 
in the tank. The fact that the levels in the two 
tubes are almost identical clearly demonstrates 
that the velocity head in the jet is almost exactly 
equal to the head in the tank. The diameter of 
the jet is measured by traversing the pitot tube 
from one side of the jet to the other, the travel 
being indicated on the carrier of the pitot tube. 
These measurements, together with the discharge 
measured in the weighing tank, enable the co- 
efficients of velocity, contraction and discharge 
to be deduced. 

The experiment may be repeated at a number 
of heads and the head-discharge relationship 
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presented in the form of the accompanying 
graph. Orifice plates having holes of various 
shapes and sizes may easily be fitted in turn. 


Variation of head with dis- 
charge for a sharp-edged orifice. 



































1-2 7 _ = — 
x 
1-0}-—+— 4 
| 7 
~ -_ 
RS < 
0:8 — yy 
~ + 
¥ | ‘i 
ae eee pe 7 - | 
. , in 
S 0-4-— ra 
= Y | 
0-2 wa 
2-4 } - a 
A 
Ya | 
2 a | . _ 
oO 0-002 0-004 0-006 0-008 
Discharge Q, cusecs 
(63576) “ENGINEERING 


Impact of a Jet 


The apparatus consists essentially of a nozzle 
which, when fed from the bench supply, produces 
a smooth, steady jet to impinge on a vane. 
The vane may either be flat, in which case the 
jet is deflected through 90°, or hemispherical, in 
which case the jet is deflected through 180°. 

Provision is made for measuring the force on 
each vane in turn at various rates of flow, by 
mounting them on a precision weigh-beam 
pivoted on hardened steel knife edges at one 
end, and carrying a sliding weight. 

A transparent plastics cylinder encloses the 
jet and vane, so that the flow is clearly visible, 
and the vanes may be interchanged quickly 
without the use of tools. 

For the flat plate the force should be equal 
to the rate of momentum delivery in the jet 
irrespective of frictional losses over the plate. 
For the cup, however, the force depends on the 
amount by which the water speed is reduced by 
friction, the maximum possible value of the force 
being twice that on the plate. 


' Force produced by a water jet striking 
a flat plate and a hemispherical cup. 
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Concluding An Elementary Hydraulics Laboratory 


Discharge over a Notch 


THe sharp-edged notch, which may be of 
rectangular or V shape, is mounted at one end 
of a short channel. The internal surface of the 
notch plate is quite flush with the inner surface 
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Variation of discharge with head 
or rectangular and V notches. 


of the channel and is free from any obstructions 
such as bolt heads. Water from the bench 
supp!y is led through flexible hose to a system of 
perforated pipes which serves to distribute the 
inflow evenly over the end of the channel remote 
from the notch. After flowing along the channel 
and over the notch, the water is collected in 
a hopper which directs the discharge to the 
measuring tank. The head on the notch is 
measured by a hook gauge in a clear plastics 


still tube fixed to the side of the channel. 

By measuring the discharge at various heads, 
the calibration of the notch may be established. 
This is perhaps best done by logarithmic plotting 
of head against discharge, which shows the 
exponent in the head-discharge relationship to 
be close to the theoretical value of 1-5 fora 
rectangular notch and 2-5 for a V notch, and the 
discharge coefficient to be about 0-6 in both 
cases. 


Friction Loss Along a Pipe 


IN order to determine friction loss along a pipe 
which is sufficiently short to place on the bench, 
Measurements are made on a gauge length of 
about 20 in of 0-12 in bore pipe, with suitable 
entrance and exit lengths upstream and down- 
stream of the gauge length. The flow is regulated 
by a fine needle valve at the downstream end of 
the pipe, and is measured in a volumetric cylinder. 

Differential heads up to about 18 in of water 
may be measured directly on an inverted U-tube 
manometer. An alternative mercury U-tube 
manometer, which can be substituted very 
simply, may be used for recording differential 
heads of up to about 18 ft of water. 

The transition from turbulent to laminar flow 
occurs at a differential head of about 6 in. 
Thus observations with the water manometer 
alone show the transition quite clearly. Measure- 
ments in the laminar region may be used to 
establish a value of the coefficient of viscosity 
from Poiseuille’s equation. Observations with the 
mercury manometer can be made over a suffi- 
ciently wide range to establish the appropriate 
law of resistance for turbulent flow along the 
pipe. 

A typical set of experimental results, plotted 
logarithmically, is shown in the accompanying 
diagram. 


TEMPERATURE CONTROL VALVE 


The temperature control of oil-engine cooling 
systems is important for efficient working and 
long engine life. 

The Serckstat automatic temperature control 
valve has therefore been developed to meet the 
need of the modern diesel engine for a tempera- 
ture controller that will ensure rapid warm-up 
of the engine and stability of the coolant tem- 
perature under all conditions. 

Thermostatic valves may be divided into two 
main groups. One is the direct-operating type, 
which is simple in design and construction. 
The other is the servo-actuated type (usually 
operated by compressed air) in which the width 
of the temperature control band is somewhat 
narrower. 

The Serckstat automatic temperature control 
valve is of the direct-operating kind, and the 
outcome of many years of research and develop- 
ment in this field. Used with a Serck cooler, 
it forms a compact self-contained unit for 
supplying a given quantity of coolant at a pre- 
determined temperature under all conditions, 
without being affected by changes in cooling 
water temperature or flow. 


HOW IT WORKS 


When the engine is cold (Fig. 1), the valve 
remains closed to the radiator, and all the 
coolant flows through the bypass. Shortly 
before the coolant reaches its design temperature, 
the valve opens to the radiator. When fully 
open to the radiator (Fig. 2), the bypass is com- 


pletely closed. Under working conditions for 
a given engine load and a given ambient tempera- 
ture, the valve takes up a position so that the 
partial flow through the radiator is just enough 
for cooling requirements and to ensure tempera- 
ture stability of the system. 

The actual force in the control valve is provided 
by two temperature-sensitive elements, mounted 
in series to give maximum movement to the valve 
mechanism. The coolant flow is directed to pass 
over these elements. They are filled with paraffin 
wax, which has a large coefficient of expansion. 


To Engine From Engine 


I | 





Fig. 1 The valve in the closed position. All the 
fluid goes through bypass: none through cooler. 
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Fig. 2. Valve in the fully open position. All the 
flow passes through cooler: none through bypass. 


A rise in temperature of the cooling fluid above 
the predetermined moving-off temperature of the 
element thus produces a rapid expansion of the 
wax. This expansion is in turn translated into 
linear movement of the valve spindle assembly. 
The valve mechanism is fully protected by an 
override spring against overloads caused by 
temperatures higher than those specified. Lower- 
ing of the coolant temperature results in contrac- 
tion of the wax, whereupon the mechanism is 
returned to its original position by a spring. 
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FOUNDRIES 


Fast, Economical Production of Small Castings 


For a very long time ferrous and non-ferrous 
sand castings have been produced, even when the 
quantities were large, and mechanisation was 
justified, by methods which left much room for 
improvement. In a study of the techniques and 
plant available in 1951, Mr. H. B. Hallsworth* 
concluded that to make full use of the potenti- 
alities of machine moulding, box positioning, 
sand charging and half mould removal would 
have to be synchronised, and a working model 
was built to demonstrate the practicability of the 
designer’s ideas. On this basis a system was 
then evolved theoretically whereby the full 
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Reconditioning 
Plant 
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Magnetic ” il 






Return Conveyor —-— 


experience gained a Mk. II system was evolved, 
several patents were taken out, and the equipment 
is now in commercial production by Rubery, 
Owen and Company Limited. 


THEORETICAL APPROACH 


The final design was based on the fact that 
foundry work consists, essentially, of three inter- 
linked cycles of operation. These are: 

(a) The box cycle, from empty boxes through 
moulding of cope and drag, closing, clamping, 
pouring, cooling, and shakeout to return of box 
to machine. 


Moulding Box 
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capacity of the moulding machine could be used, 
and Rubery, Owen and Company Limited, 
Darlaston, Wednesbury, Staffordshire, undertook 
to develop the system for the market. 

From the production prototype a Mk. I 
moulding machine was developed, complete 
with the necessary ancillaries, the whole forming 
the complete moulding system. It was decided 
not to market the equipment until extensive 
operational experience had been gained, and 
several installations were operated under normal 
production conditions in foundries. From the 

* Now development director, Platt 
Castings Limited, Leamore, Walsall. 
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Pouring 
Mechanism 


(Above) From sand pre- 
paration plant on the 
right to clamping and 
pouring conveyor on the 
left,the plant need only 
be, about 60 ft long. 


(Left) The heart of the 
system is the automatic 
moulding machine which 
only needs the services 
of an unskilled operator. 
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(b) The metal cycle, from melting through 
casting, shakeout, and dressing to return of 
scrap for melting. 

(c) The sand cycle, from shakeout through 
reconditioning to moulding and pouring to 
return to shakeout. 

Two basic machines were therefore designed; 
a moulding machine to deal with the first cycle 
and a casting machine for the second. They are 
linked by suitable standard or specially designed 
pieces of equipment to provide the third cycle. 
Because of the friable nature of the green sand 
mould, manual supervision is necessary at certain 
stages, and the layout is so designed that the 
labour shall be used at stages or operations 
where a high degree of fatigue has been elimin- 
ated, and the operator cannot substantially 
influence the rate of material flow. Finally, the 
system is designed to be flexible and to provide 
a complete “foundry in a package.” It can 
be installed in an empty building and can be 
ready for work at once; only the melting equip- 
ment needs to be added. 

The basic conception of the system required a 


Left v4 
Diagrammatic 
layout of Halls- 
worth automatic * 


moulding system. 














relatively small moulding box with a fast operat- 
ing cycle, which gives a greater output than a 
slower moving larger box with more castings in 
it. In the latter case the output is adversely 
affected by operator fatigue and by the necessity 
for larger mechanical handling equipment. 

For the design which is now being marketed 


the box size is 12 in by 9in by Sin. All the half 
boxes must be precision made and interchange- 
able, and they must also be arranged for vertical 
pouring. These small boxes give easier handling, 
reduced patternmaking costs for the smaller 
pattern plates required, have a rapid turnover 
rate and enable the ratio of area of castings to 
area of box to be maintained at a high level. 


COMPACT LAYOUT 


As shown in the accompanying diagrammatic 
layout, the complete plant forms a compact 
unit. It can be accommodated in a space of 
approximately 30 ft by 60 ft, and since no heavy 
machinery is involved a concrete apron of the 
size specified and 6 in thick is all that is necessary 
as a general foundation, pockets from 3 to 5 in 
deep being provided for grouting in individual 
units. This arrangement of plant, it should be 
added, is not mandatory; it can be varied accord- 
ing to local requirements. As shown, however, 











it gives a reasonably economical layout with 
minimum conveyor lengths. 

In addition to the concrete apron a used sand 
conveyor trench approximately 30 ft long, 5 ft 
wide and 6 ft deep, terminating in a 10 ft square 
pit 7ft 6in deep for the bucket elevator is 
necessary; this the only excavation work 
required. 

At the heart of the system is the Hallsworth 
automatic moulding machine, which is built on 
machine tool principles. It has four stations 
and a rotary table which conveys the half box 
and pattern automatically from station to station 
At the first station the operator locates the box 
part on the pattern plate and pulls down the vertic- 
ally hinged sand allowance frame. The table 
indexes to station 2 to receive sand, and in its 
arc of movement it is subjected to a spray of 
parting fluid. A  semi-rotary hopper turns 
through 180° to discharge sand into the box, and 
a frame fitted to the sand chute moves down- 
wards, compressing the sand round the edge of 
the mould. The table then indexes to station 3 
for the main squeeze operation, surplus sand 
being struck off during the movement between 
stations. 

After the main squeeze the table indexes to 
station 4, the hinged sand allowance frame 
being returned to the vertical position en route 
to enable the mould to be strickled by a scraper 
bar. At station 4 the pattern plate is vibrated 
and the mould is stripped and received by the 
take-off arms, which turn it over and place it 
face upwards on a moving belt conveyor. All 
the operations described, of course, take place 
simultaneously, four boxes and patterns being in 
use at the same time. 


CASTING 

If the coring required is simple, cores are placed 
in the half moulds while they are moving on the 
conveyor linking the moulding and casting 
positions. For more complicated coring semi- 
circular tables are provided at the side of the 
conveyor, and the operator pulls the matching 
mould halves on to the table, lays the cores, 
closes the mould and returns it to the conveyor. 

To ensure efficient labour utilisation and to 
allow for inspection, the completed mould is 
loaded manually into the rotary conveyor on 
which pouring takes place. Little manual 
effort is needed, as a sloping plate at the end of 
the coring conveyor allows the boxes to slide 
into the conveyor pallet, which clamps them auto- 
matically and carries them round to the casting 
point, turning the pouring end upwards on 
the way. 

Pouring is from standard foundry ladles, 
modified for suspension from a swinging arm 
pivoted at the conveyor centre, so moving the 
ladle in an arc of the same radius as that of 
the moulds on the rotary track. Balanced, spring 
loaded suspension ensures that the lip of the 
ladle is kept as close as possible to the pouring 
gate, the ladle height adjusting itself auto- 
matically as the metal is poured out and the 
weight decreases. 

As the poured moulds continue to move 
round the conveyor track they solidify, and 
when they reach the shakeout position the 
clamping pallets turn themselves once more to 
the horizontal position, ready for the mould to 
be ejected to the shakeout grid. 

Shakeout is by conventional equipment, and 
the used sand moves by the underground con- 
veyor to the reconditioning plant, passing first 
under a magnetic separator. Empty boxes 
return to the moulding machine by roller 
conveyor. Used sand is reconditioned by plant 
of the normal type; this can be varied in detail 
according to the metal being cast and the type 
of product being made. 

The moulding machine described is capable 
of working up to an output of at least 240 
complete moulds per hour. The speed of 
the circular clamping and pouring track is 
variable to give a cooling period of from 4 to 
8 min, as required to suit the output from the 
moulding machine, the type of metal, and the 
casting section. 
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TOTAL UTILISATION 
OF AN INDIAN RIVER 


The Cauvery River, the largest river in Madras 
State, South India, will soon be 100 per cent 
harnessed for irrigation and power. It is claimed 
by the Indians to be the only river in the world 
for which the flow has been totally utilised for 
the benefit of mankind; the Egyptian Nile, 
with more or less the same flow, is believed to be 
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worst in this century, devastating the Trichino- 
poly and Tanjore districts. The highest ever 
flow was in July-August, 1957, when the Mettur 
Reservoir was overflowing continuously for 
45 days, discharging enough extra water to fill 
another reservoir of the same size. This was the 
first time such a flow had occurred in the 23 years 
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Existing and proposed irrigation and power projects on the Cauvery. 


the second best with 60 per cent utilisation. 

In India itself, the next best harnessed river to 
the Cauvery will be the Krishna, when the giant 
Nagarjunassagar in Andhra Pradesh, with an 
ultimate storage of 9-30 million acre-feet and 
the largest artificial reservoir in India, is com- 
pleted. Along with new projects on its tribut- 
aries in Bombay and Mysore, 44 per cent of 
her waters will be utilised. 

The rivers of the Indian sub-continent carry 
an annual flow estimated at 1,356 million acre- 
feet. But in an average year not more than 
15 per cent of this great volume of water is 
used for irrigation and power development. 

The Cauvery is a notable exception to the 
average Indian river. Owing to a _ happy 
combination of circumstances, it is possible to 
use all her 400,000 million cu. ft of discharge. 
One of the favourable factors was the most 
progressive and enterprising nature of the local 
Tamils, who were perhaps the first in India—or 
for that matter in the world—to practice flow 
irrigation. Cauvery valley civilisation, like Nile 
valley civilisation, is one of*the oldest in the 
world. 


EARLY WORKS 


The saga of Cauvery irrigation dates back to 
the first century A.D. when the Chola Kings 
pioneered the construction of irrigation works. 
In those times, the Cauvery ran in frequent floods 
causing tremendous havoc and misery to the 
people inhabiting the deltaic regions. More 
recently, the floods of 1924 and 1930 were the 


since the reservoir was completed in 1934. 

As already noted, it was the Chola rulers who 
first hit upon the idea of constructing barrages 
and embankments across the Cauvery in an 
attempt to control the floods and use the water 
for irrigation to produce more food. One of 
them, Karikala Chola I, constructed a kind of 
weir which is now known as the Grand Anicut 
across Cauvery near Trichinopoly. This monu- 
mental work, regarded as the first major barrage 
on any river in the world, comprised huge 
boulders of stone thrown across the river to 
divert water to canals from the banks for irri- 
gation. Even today this weir, now modernised, 
diverts the bulk of the waters released from the 
Mettur reservoir for irrigation in the deltaic 
districts. 

Want of proper control over the distribution 
system, and unsettled conditions consequent on 
local rulers fighting among themselves, made 
these irrigation works defective from the begin- 
ning. For a century before the advent of the 
British rule, the works were entirely neglected 
and became almost disused. When, in 1801, the 
East India Company took over the Tanjore 
district, the breadbowl of Madras, irrigation 
in the delta was rapidly deteriorating, channels 
silted and lands were left uncultivated as a proper 
flow of water could not be maintained. 

The earliest improvements under the British 
rule were directed towards extending the area 
irrigated by the Cauvery around the Grand 
Anicut. Sir Arthur Cotton—father of irrigation 
in India—revolutionised irrigation by the Cau- 
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very, as well as on several other Indian rivers. 
Most of the modern irrigation works in India, 
including the Mettur dam and Hirakud on the 
Mahanadi, were conceived by him, and in 
addition he also had built under his own super- 
vision the barrage across the Krishna river at 
Bezawada and the weir at Dowleswaram on the 
Godavari river. 

It was not until 1836 that Sir Arthur Cotton 
built the present Upper Anicut barrage above 
the point where Cauvery and Coleroon part, 
and difficulties of water supply in the delta were 
overcome. Further improvements have been 
carried out since, the most important of which 
being the modernisation of the Grand Anicut 
by the construction of regulators between 1887 
and 1897. It was later realised, however, that the 


flow to the delta was capable of yet further 
utilisation and that this improvement depended 
on the construction of large storage reservoirs 








in the upper reaches of the river to store the 
excess monsoon water. 

The Government of India nationalised the 
rivers and streams flowing in natural channels 


and lakes by the Act VIII of 1873. This was the 
first piece of legislation to give an impetus to 
major irrigation projects. The Cauvery flows 
through Mysore as well as Madras and only 
after protracted negotiations was the proportion 
of water to be taken by each settled in 1924. 
The first attempt to utilise the monsoon floods 
of the river was made by Mysore, by the con- 
struction of the Krishnarajasagar at Kannambadi 
with a reservoir capacity of 45,000 million cub. ft. 
The work took from 1910 to 1926 and cost 
Rs240 lakhs. Water power to the tune of 
45 MW was also generated for the first time in 
India at the Sivasamudram falls, utilising a drop 
on the main canal a few miles downstream. 
The Mettur Reservoir in Madras State, the 
largest on the Cauvery, was begun in July, 1925, 
and completed in August, 1934, for irrigation, 


power generation and as a powerful flood 
moderator. The scheme, which was delayed by 
negotiations over the sharing of the waters and 
the First World War cost Rs613 lakhs. 

The great Mettur dam was the first all-concrete 
dam in India. When it was completed it was 
the biggest in the British Empire and the biggest 
concrete monolith in the world. 

The maximum capacity of the Mettur Reservoir 
is 102,000 million cu. ft, a quarter of the river’s 
annual flow, and the impounded lake has a 
periphery of 100 miles. A power station at the 
foot of the dam generated 45 MW. The 
reservoir alone irrigated 1,301,000 acres of double 
drop paddy land in Tanjore and Trichinopoly 
districts. But for the Krishnarajasagar and 
Mettur Reservoir, which served as_ shock 
absorbers for the 1957 flood, Trichinopoly and 
Tanjore districts would have been washed away 
into the Bay of Bengal. 


Left The Grand 
Anicut (barrage) built 
in the Ist century 
A.D. It is believed 
to be the oldest irriga- 
tion works in the world. 


Lower Left The Mettur 
Dam, first concrete dam 


to be built in India, 

and once the _ highest 

in the British Empire. 
Lower’ Right The 


Lower Bhavani Dam 
—helieved to be the 
longest in the world. 


The next large reservoir was Bhavanisagar- 
Lower Bhavani Project completed in 1953 on 
the lower reaches of the Bhavani river, the main 
tributary of the Cauvery. It has a maximum 
capacity of 32,000 milliou cu. ft and irrigates 
207,000 acres in the Coimbatore district, mainly 
to grow millets and cotton. Provision has also 
been made in the dam to develop 10 MW of 
seasonal power. The Lower Bhavani Dam was 
the first major earth dam in India with a central 
masonry spillway for surplussing heavy floods 
and combining the river and irrigation sluices. 
The dam, 54 miles long, is believed to be the 
longest in the world. 

Another reservoir on the Amaravathi river, a 
tributary of the Cauvery, was completed early in 
1958 to store 3,000 million cu. ft, irrigate 15,000 
acres of new area and stabilise existing irrigation. 

As the Mettur Reservoir serves Trichinopoly 
and Tanjore districts 150 miles downstream, but 
does not benefit the districts in which it is 
situated, two canals have been excavated to 


irrigate the Coimbatore and Salem districts. 

Two more irrigation schemes above the Grand 
Anicut—the New Kattalai high level scheme to 
irrigate 20,622 acres, and the Pullambadi scheme 
to irrigate 22,000 acres, both diversion weirs— 
are under construction. Mysore is also con- 
structing a reservoir to store 45,000 million 
cu. ft on Kabini, another tributary of Cauvery 
running through that State. 


POWER GENERATION 


Power development on Cauvery river is largely 
concentrated on her sub-tributaries, like the 
Pykara and Kundah rivers flowing down the 
Nilgiris from about 8,000 ft above sea level. 
The Pykara hydro development generates 70 MW, 
utilising a gross head of 3,080 ft, the highest in 
Asia and one of the three highest heads in the 
world, and the Moyar Hydel project uses the tail 
waters of Pykara and generates 35 MW. 

The largest hydroelectric development in 
Madras State is now under construction. It will 
utilise the waters of Kundah basin and Bhavani 
river in their upper reaches on the Nilgiris in 
four stages to generate 300 MW. The first unit 
of 20 MW will be commissioned by the middle 
of the year. Substantial Canadian aid to the 
extent of Rs13 crores under the Colombo Plan 
has been obtained for this project. The four 
stages of this project will make use of a total 
drop of 5,200 ft, using the tail waters over and 
over again. The 246ft high Upper Bhavani 
dam will be the highest in the State for the 
present. Most important among the power 
schemes will be the Mettur tunnel scheme. It is 
a unique project, which will utilise all the water 
passed from the Mettur Reservoir along the 
river during the irrigation season to produce 
seasonal power for seven months, feeding it into 
the Madras power grid. The alternatives were 
to insert generating sets into the irrigation 


sluices or to drive a tunnel about 1,400 ft from 
the upstream side of the dam through the hill on 





the left flank and use the water for power genera- 
tion some distance downstream. The latter pro- 
posal has been approved and work should start 
soon. The new tunnel will be 50 ft in diameter 
and capable of discharging about 20,000 cusecs. 
Four penstocks will be taken off from the surge 
chamber at the end of the tunnel, and each will 
feed'a 50 MW generator set. The head will vary 
between 60 ft and 160 ft. 

The proposed Kumbar-Amaravathi Hydel 
Scheme on the Amaravathi river, a tributary 
of Cauvery, will develop another 20 MW. 
Another generating set will be installed at the 
foot of the Pykara Dam to develop 3 MW. 

With all the proposed irrigation. and power 
projects and those in existence on the Cauvery 
and her tributaries, the last drop of her 400,000 
million cu. ft annual yield will have been utilised. 
A total of about 1,643,000 acres, about an eighth 
of the area shown in the state, will be irrigated, 
and about 600 MW of power will be generated— 
for the benefit of all in Madras State. 
























































Marketing 


Think First 


A most aggressive export policy is being pursued 
by the new company International Computers 
and Tabulators Limited, which was formed 
recently by the merger of the Hollerith and 
Powers-Samas organisations. Among the many 
promotional moves introduced by the company 
is a colour film entitled “‘ Time to Think.” 
This is a direct 16 mm Kodachrome film, made 
by Cinechrome Limited, which runs for 40 most 
entertaining and informative minutes. 

“* Time to Think ’’ attempts to answer the basic 
questions which any organisation interested in 
the potentialities of the computer must face: 
could they usefully employ one, which is the 
one best suited to their needs, and how should 
they prepare for its installation. 

An essential part of the story shows how the 
still uncommitted potential user-firm decides, 
nevertheless, to appoint a “ feasibility team ”’ 
from its own staff, and how the selection of the 
team is made. There is emphasis on the care 
and thoroughness with which this team looks 
into the firm’s existing organisation and methods. 
It is a good film, well worth seeing. 


ITV Sales Promotion 


A new kind of service, to advertisers and their 
customers, was launched recently. Independent 
Television for South Wales and the West of 
England (TWW) are taking a full page advertise- 
ment each week in the programme magazine 
Television Weekly to inform all retail traders of 
the complete list of commercials due for screening 
on TWW Channel 10, ten days in advance. 
The list is published ‘to enable retailers to 
review their stocks in the light of current TV 
advertising.” 

When the scheme started a “strong mailing 
shot” was sent to the 30,000 retailers in the 
TWW region (extending from Swindon to 
Exeter and through to Milford Haven in the 
west of Wales). With it was enclosed a window 
plaque which has been reproduced in Television 
Weekly for the benefit of viewers. In addition, 
a seven-second announcement (with sound and 
vision) will be offered to retailers to support the 
commercial of any manufacturer whose products 
they stock—for only £10. 


Postmark Publicity 


Postmarks are to be used to put across various 
slogans to the public. One of these advertised 
the National Education and Careers Exhibition, 
26 May to 5 June, at the National Hall, Olympia, 
and was used at the London East Central, West 
Central and Western District Offices, and at 
Bristol, Birmingham and Manchester. Another, 
** June Dairy Festival ’’ (from 1 to 30 June inclu- 
sive) was used at about 90 offices in England 
and Wales and also at Belfast. A third is 
“Scottish Industries Exhibition Glasgow Sep- 
tember 3 to 19.” 

The use of postmarks to advertise national 
and local events has not been very widespread in 
this country, in contrast to Continental practice. 
The slogans mentioned appear to be concerned 
with events of social importance, backed 
either by the Government or a Local Authority. 
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TO HEAT, TO COOL AND TO LIGHT 


Old knowledge and new designs meet in the 
refrigerator shown in the lower illustration. The 
principle on which it works was discovered over 
100 years ago, by Peltier in 1834. 

Until recently the only use to which this 
phenomenon was put was in the thermocouple 
where in conjunction with the Thomson effect it 
gives rise to the Seebeck effect, familiar friends 
of the first year physics course. Only recently 
however has it been developed for ‘‘ power” 
operations. 

The text book definition of the Peltier effect is 
that when a current is passed round a circuit of 
two dissimilar metals heat is evolved at one junc- 
tion and absorbed at the other, the heating being 
quite independent from the ordinary Joule or 
resistance effect. It would seem therefore that 
it might well be suitable for a variety of practi- 
cal uses. However the Peltier effect is only pro- 
portional to the current passing whereas the 
Joule effect is proportional to the current squared, 
so the latter is the obvious preference where 
heating is the need. 

Thermoelectric refrigeration offers the design 
engineer several advantages. There are no 
moving parts; there is no complicated gas absorb- 
tion cycle needing sealed pipework; there is no 
noise and no vibration. Moreover the process is 
reversible-that is heat can be absorbed or evolved 


Right, the wall panel 
provides heating (or 
cooling) for the room as 
well as lighting. The 
Peltier is used for 
the first purpose and 
electroluminescence fot 
the second. 

Below, the refrigerator 
which has been styled to 
most modern 
diningroom decor, also 
uses the Peltier effect to 
supply the cooling and 
therefore has no moving 
parts. Bothideas come 
Westinghouse of 
America. 





at the same point merely by reversing the direc- 
tion of the current. This would seem to offer 
great possibilities for maintaining a constant 
temperature irrespective of the surroundings or 
for carrying out complicated heating-cooling 
cycles under fully automatic control. 

The refrigerator, claimed to be the first prac- 
tical model, was developed from an automatic 
device for preparing a baby’s bottle—itself deve- 
loped as a demonstration of the Peltier effect. 
The bottle is kept cool until shortly before the 
selected feeding time when the effect is reversed 
to heat the bottle to the required temperature for 
feeding, timed to be ready at the exact moment 
that the alarm goes off. The refrigerator has a 
capacity of 9 cu. ft with separate storage areas 
for frozen foods and vegetables and a regular 
refrigerator compartment. No figures are quoted 
for its power consumption. One interesting 
point does arise—namely that the use of a Peltier 
effect implies that there are two junctions one of 
which absorbs heat (and is the one used in the 
refrigerator) and the other of which evolves heat— 
at the same rate—and does not seem to be use- 
fully employed anywhere. 

Thermoelectric effects are also used in the 
panelling of the room shown in the other illus- 
tration. Here, one panel is used to heat (or cool) 
and light the room. It is quoted as having 


reached the development stage, and the picture 
is of a model setting. The ‘ hot-cold-light ” 
result is achieved by combining electrolumin- 
escence with thermoelectric panels to form a 
single screen. A wide range of colours is pos- 
sible—almost the whole of the spectrum—and 
some of the heating units are arranged in patterns 
onthe face of the panel. The remainder are out 
of sight behind it. 

Electroluminescence is one of the newer de- 
velopments brought to the edge of general use 
during the last two or three years. A phosphor 
coating is sandwiched between two sheets of glass 
giving a total thickness no greater than an ord- 
inary window pane. The coating is then excited 
by applying an alternating current to the edges 
and emits light. Lights working on this principle 
were put on the American market a few weeks 
ago. They are said to burn fora year for one 
penny. 
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